
P& 
NATIONAL AERONAUTICS AND SPACE ADLIINISI'RATION 

Goddard Space F l i g h t  Center  

- - -  
1973 GSFC BATTERY WORKSHOP 

SECOND DAY 

- - I 

Greenbel t ,  Maryland 

Wednesday, November 14, 1973 

(NASA-TFl-X-725~;) ?HE 1 9 7 3  GSFL BATIERY N75-17838 
YORKSHOP, SECOND D A Y  (NASA) 1 b 2  p HC $6.25 

CSCL l 2 C  
U ~ x l a s  

G3/t14 17t .23 



C O N T E N T S  - - - - - - - -  

Morning S e s s i o n  
(Chairmen: Floyd Ford, Gerald Halpert)  

Nanuf ac  t u r i n g  
Jones  

T e s t i n g  
Font 
Harkness 
blains 
Lander 
Harsch 
B i z z e l l  
Armentrout 

Afternoon S e s s i o n  
(Chairmen: Floyd Ford, James Dunlop) 

T e s t i n g  
Rubenzer 

bfet a1 Hydrogen 
S t o e k e l '  
K l e i n  
Carr 
Haas 



1x7 
(112,113,114,115,116 not available, ) 

159,162,163,164,165,166,16?,168,16g 
(160,162 not available, ) 

212,213,214,215,220,221,224,225,226,227 
(216,217,218,219,222,223,228,229,230, 

231 not available,) 

Speaker 

Jones 

Font 

Harkness 

Mains 

Lander 

Harsch 

Bizzel l  

Armentrout 

Rubenzer 

Stoekel 

Klein 

Carr 

Haas 



ART 4 h 
11-14-73 
t p  l(1) 

P R O C E E D I N G S  I - - - - - - - - - - -  
FORD: Lot u s  g e t  s t a r t e d  Our f i r s t  p r e s e n t a t i o n  

w i l l  be g iven  by C l i n t  J o n e s .  C l i n t ?  

JONES: Thank you, F loyd ,  

Maybe I had better have t h e  first s l i d e ,  please. 

I t  is by t r a p p i n g  t h e  C02 i n t o  l i q u i d  n i t r o g e n  and 
f r e e z i n g  and t h e n  expanding it i n t o  a  . g a s  p a r t i  t i o n e r  Nor 
h e r e  is a s k e t c h ,  a  rough o u t l i n e  of  o u r  a p p a r a t u s ,  You 
c o u l d  t r a p  it w i t h  a  l i q u i d  n i t r o g e n  t r a p .  

! 

Now, t o  k i n d  of go b r i e f l y  t o  what re do. t h e  i 
a r e  c u t  o u t  i n  a  d i s k  form, and i t  is  g rou rd  i n t 0 . a  f i n e  
powder where it is preweighed, and i t  is put  i n t o  a  f l a s k  L 

where t h e  a c i d  is i n j e c t e d .  i r 3 
4 

Next s l i d $ ,  
.$ 

The a c i d  is i n j e c t e d  i n t o  t h e  sys t em th rough  a  f 
d 

s y r i n g e .  I t  is i n j e c t e d  th rough t h e  s t o p p e r ,  where t h e  3 
sample is h e r e ,  and a l s o  we have t h e  sample f l a s k  s i t t i n g  
on t h e  h o t p l a t e  w i t h  a S t e r n  a p p a r a t u s  b u i l t  i n t o  i t ,  w i t h  

i 4 
a S t e r n  bu rne r  i n s i d e .  Now, once t h e  sample is dead and 4 
t h e  a c i d  is i n j e c t e d ,  C02 is evo lved ,  and i t  is c o n f i n e d  
w i t h i n  t h i s  s p a c e  from t h i s  g a s  fluw b e a r e r  back .  The C02 4 

3 
is evolved ,  c o n f i n e d  w i t h i n  t h i s  s p a c e  o 

f 
b 

Mow, on t o p  o f  t h e  f l a s k  we have a  t r a n s d u c e r  t o  4 
measure t h e  p r e s s u r e  changes  a s  the CO e v o l v e s ,  and we have  1 

i 

a hel ium i n l e t  v a l v e  which w e  u s e  f o r  l u s h i n g  o u t  t h e  sample  i ; 
p r i o r  t o  i n j e c t i n g  t h e  oxygen, So once  t h e  CO h a s  been evolved j 
and c o n f i n e d  i n  t h e  a r e a ,  w e  have a vacuum pu l  f i n g  on t h e  
comple te  sys tem,  back th rough  h e r e ,  and a l s o  back th rough  
t h e  p a r t i t i o n  o r  t h e  g a s  p a r t i t i o n e r  w i t h  t h e  chromatograph .  ' 

And once  t h i s  v a l v e  is open ,  t h e  C02 is p u l l e d  
or* t of  t h i s  a r e a  back th rough  h e r e ,  down th rough  a l i q u i d  
n i , rogen  t r a p ,  Now t h i s  is i n  the Letrar c o n t a i n -  
i n g  l i q u i d  n i t r o g e n .  We have t a k e n  t h e  sample  c ~ l l e c t i n g  i 
v a l v z  on t h e  g a s  p a r t i t i o n e r  and made an e x t r e m e l y  long  coil  -- I t h i n k  it is about  1 2  f e e t  l o n g  and we j u s t  k i n d  of 1 
twirled i t  -- and i t  is submerged i n t o  l i q u i d  nitro get^, 1 

t 
As t h e  g a s  p a s s e s ,  t h e  C02 p a s s e s  i n t o  l i q u i d  

n i t r o g e n .  I t  is t r a p p e d  h e r e  and is f r o z e n .  Over a p e r i o d  
t 
I 





of time w e  d i d  P h i s ,  and j u d g i n g  by t h e  t r a n s d u c e r  which 
r e a d s  t h e  p r e s s u r e  w i t h i n  bore, we t i lke  i t  a p p r o x i m a t e l y  
back dotsll tu w11c1-u i t was p r i o r  to  i n j c c t i  ng t h e  ac i  d A;ld 
o n c e  we r e a c h  t h a t  c o r n e r  o f  t h e  t r a n s d u c e r ,  t h e  v a l v e  is 
c l o s e d  . Okay, 

The  C02 is h e r e  i n  s o l i d  f o r m .  The vacuum is p u l l -  
i n g  t h y o u g h  t h i s  e n t i r e  s y s t e m .  I t  is c l o s e d  u p  a l s o .  I n  
o t h e r  words is t r a p p i n g ,  is c o n f i n i n g  t h e  g a s  f rom t h i s  
p o i n t  to  h e r e .  Well w i t h i n ,  o v e r  t h i s  a l l ,  w i t h i n  t h i s  
s a m p l e ,  t h i s  c o l l e c t i n g  t u b e ,  

S o  o n c e  t h a t  is a c c o m p l i s h e d  t h e  d o o r  is removed 
and  r e p l a c e d  by  o b e a k e r  f i l l e d  w i t h  room t e m p e r a t u r e  
w a t e r ,  and a l l o w  a p p r o x i m a t e l y  a  c o u p l e  m i n u t e s  f o r  t h e  
c o r e  t o  be b r o u g h t  b a c k  t o  room t e m p e r a t u r e .  Okay.  

Once t h e  s a m p l e  is b r o u g h t  b a c k  t o  looom tempera -  
t u r e .  t h e  gas is f i l t e r e d  b a c k  i n t o  g a s e o u s  fo rm,  t h e  s a m p l e  
t u b e  is open t o  t h e  flow g a s  t o  t h e  p a r t i t i o n e r ,  which 
s i m p l y  p u s h e s  t h e  C02 i n  t h e  g a s e o u s  fo rm o u t  o f  t h e  s a m p i e  
c o l l e c t i n g  v a l v e  i n t o  t h e  p a r t i t i o n e r  w h e r e  i t  is r e a d  o f f  
a s  o n e  s o l i d  u n i t  o f  C02 on a  r e c o r d e r  t h a t  we h a v e  a l s o  
i n  the Systerr,, 

And you get a  n i c e  d i s t i n g u i s h e c !  peak  w i t l i o u t  a n y  
c o m p o s i t e ,  w i t h o u t  oxygen or  n i t r o g e n  showing  u p  on i t I t  
is a  v e r y  n e a t  way o f  d e t e c t i n g  t h e  c a r b o n a t e ,  t h o  amouat 
o f  COZ. And a f t e r  we have  t a k e n ,  o r  w e  h a v e  g o t t e n  a peak 
on t h e  r e c o r d e l * .  t h e  s a m p l e  o f  t h e  peak h e i g h t  is t a k e n  
b a c k  t o  a  staxbrd c a r r i e r  which  we u s e  t h a t  h a s  b e e n  c a l i -  
b r a t e d  u s i n g  amounts of p o t a s s i u m  c a r b o n a t e .  

And you : j u s t  s j m p l y .  by r e a d i n g  o f f  the standard 
c u r v e s  you h a v e  a l r e a d y  e s t a b l i s h e d  d u r i n g  t h e  c a l i b r a t i o n  
o f  t h e  p a r t i t i o n e r ,  you go b a c k ,  you t r y  i t  a g a i n s t  t h e  p e a k  
h e i g h t  d i v i s i o n s  o n  t h e  p a p e r  v e r s u s  grams o f  c a r b o n a t e  o r  1 

t 
p o t a s s i u m  c a r b o n a t e ,  a n 3  i t  is s i m p l y  r e a d  o u t  f rom t h a t  -- i 
X amount o f  grams i n  a c e r t a i n  amount o f  w e i g h t .  

And t h e n ,  a f t e r  you d e t e r m i n e  t h e  amount i n  t h e  
s a m p l e ,  i t  is j u s t  s c a l e d  u p  from t h e  s a m p l e  t o  t h e  p l a t e  
t o  t h e  c e l l .  We h a v e  d e t e c t e d  c a r b o n a t e ,  and w e  h a v e  d o n e  I 
a n a l y s e s  o n  several of t h o  p l a t e s  h e r e ,  l i k e  t h e  RAE, t h e  AE, 1 t h e  OSO, and t h e  SJIS. And we found  we h a v e  g o t t e n  p r e t t y  i 
a c c u r a t e  r e s u l t s ,  o r  we t h i n k  t h e y  a r e  a c c u r a t e .  1 

$ 

A f t e r  t h e  s a m p l e ,  a f t e r  we h a v e  t a k e n  i t  t h r o u g h  t h e  i 
p a r t i t i o n e r ,  t h e  w h o l e  p r o c e s s ,  and w e  h a v e  r e a d  out on t h e  1 

sf;a?dwd c u r v e  e x a c t l y  how much cadmium c a r b o n a t e  o r  n i c k e l  t 
c a r b o n a t e ,  depc- 'd ing a n  t h e  p l a t e ,  we have t a k e n  a s a m p l e  



of t h e  s t u f f  t h a t  came o u t  t o  X g rams ,  and we h a v e  t a k e n  
t h a t  ninount and a l s o  r n n  i t  th roug i l  t h e  part i  t i o n e r  eltd 
con~prtrcd t h e  p e a k s  t o  dc te rn i i l l c  I i o ~  aaccuratc i t was  o r  how 
f a r  o f f  we were. And i t  came o u t  p s o c t t y  close, w i t h i n  a  
c o u p l e  o f  d i v i s i o n s  f r o m  r e g u l a r  p r o c e d u r e ,  

I n  l o o k i n g  a t  c a r b o n a t e ,  w e  k i n d  o f  set o u t  to  f i n d  
o u t  wha t  were some o f  t h e  p r o b l e m s .  I g u e s s  w e  know t h e  
m a j o r  p r o b l e ~ n s  o f  c a r b o n a t e ,  what  i t  d o c s .  \Yc t r i e d  t o  f i n d  
o u t  wha t  w e  c o u l d  d o  a b o u t  l o w e r i n g  t h e  l e v e l  o f  t h e  c a r b o -  
n a t e  and what is a n  a c c e p Q b l e  l e v e l ,  which  we h a v e n ' t  
e s t a b l i s h e d  y e t .  

But  w e  d i d  l o o k  a t  a  w a s h i n g  p r o c e s s  t h a t  w e  have  
u s e d  t o  lower  t h e  c a r b o n a t e  l e v e l  IVhen I am t a l k i n g  a b o u t  
c a r b o n a t e  i t  is m o s t l y  cadmium c a r b o n a t e  o r  n i c k e l  c a r b o n a t e  
P o t a s s i u m  c a r b o n a t e  c o n t r i b u t e s  v e r y  s m a l l  t o  the t o t a l  c a r -  
b o n a t e  t h a t  w e  found  i n  t h e  p l a t e s ,  a  v e r y  s m a l l  amount, 

The main p rob lem is t h e  cadmium o r  t h e  n i c k e l  c a r -  
b o n a t e  i n  t h a t  form i n  t h e  p l a t e s .  And o n e  method t h a t  we 
a r e  u s i n g  t o  lower t h i s  l e v e l  is a  w a s h i n g  t e c h i l i q u e  u s i n g  
sod ium h y d r o x i  d e .  2 0  p e r c e n t  sod ium h y d r o x i d e .  And wha t  we 
d o  is t a k e  t h e  p l a t e  a f t e r  i t ' s  w e i g h e d ,  and we submerge  i t  i n  
t h a t  a t  a y p r o x i l n a t e l y  SO'C, and i t  s t a y s  t h e r e  f o r  a b o u t  
t h r e e  h o u r s  a t  t h a t  t e m p e r a t u r e .  

The t r a y  is removed,  p u t  i n t o  h o t  d e i o n i z e d  w a t e r ,  
or  washed i n  h o t  d e i o n i z e d  w a t e r  t i l l  it is c a u s t i c  free when 
you wash a l l  t h e  sod ium hydrox ide  o f f  of i t .  And a f t e r  
t h a t ' s  c o m p l e t e l y  d r i e d ,  w e  r a n  a n o t h e l  s a m p l e  o f  t h e  p l a t e  
and w e  found  t h a t  t h e  cadmium c a r b o n a t e  -- i n  t h i s  p a r t i c u l a r  
c a s e  i t  was  n n e g a t i v e  p l a t e  -- w a s  s u b s t a n t i a l l y  l o w e r ,  I 
g u e s s  anywhere a r o u n d  40 p e r c e n t  lower t h a n  i t  was  p r i o r  to t h a t .  j 
And t h a t  is o n e  way t h a t  wc f o u n d  w e  c o u l d  e l i m i n a t e  t h e  c a d -  
mium or  the n i c k e l  c a r b o n a t e  i n  a  p l a t e .  w h i c h  is we t h i n k  t h e  
main p rob lem a s  f a r  a s  c a r b o n a t e  c o n t a m i n a t i o n  is c o n c e r n e d ,  

Now, w e  r a n  a  c o u p l e  o t h e r  s m a l l  e x p e r i m e n t s  t r y -  
ing t o  f i n d  o u t  e x a c t l y  wha t  or w h e r e  was t h e  c a r b o n a t e  
m a i n l y  coming i n t o ,  m a n u f a c t u r e d  i n t o  t h e  p l a t e s ,  w h e r e  i t  
w a s  coming a b o u t  or what  was  t h e  mechanism now. 

The  mechanism f o r  f o r m i n g  cadmium c a r b o n a t e  a f t e r  
t h e  ce l l  h a s  been  s e a l e d  -- I d o n ' t  t h i n k  anyone  r e a l l y  knows 
wha t  g o e s  o n  i n  t h e r e  a f t e r  t h a t ,  b u t  we f o u n d  t h a t  we t h i n k  
t h a t  o n e  of t h e  s o u r c e s  migh t  be t h e  breakdown o f  t h e  s e p a r a -  
tor or t h e  e l e c t r o l y t e .  And u n d e r  t h e  c o n d i - t i o n s  o f  c y c l j . n g ,  
we f o u n d  t h a t  c a r b o n a t e  l e v e l  i n c r e a s e s  a s  c y c l e s  l i k e  o u r s  



i 11 c r e a s e .  We f o u n d  a l s o  t h a t  ~ l l c  cadmium :nd n i c k e l  
c a r b o n n t e  i n  soinc p l i ~ l c s  Chat a c  lookcti a 1  ucrc -- t h e  
cadmium c a r b o n a t e  t e n d s  t o  i n c r e a s e  from t h e  b o t t o m  u p  
on  20 amp. h o u r  c e l l s .  T h i s  is m o s t l y  wha t  we h a v e  done.  
We a r e  w o r k i n g  v:i t11 20 amp. h o u r s .  

And we a l s o  l o o k e d  a t  some o f  t h e  e f f e c t s  of 
l e a v i n g  the cells  o u t  i n  t h e  o p e n .  Some w e  d r i e d  i n  t h e  
vacuum o v e n ,  and some we d r i e d  i n  t h e  i n e r t  a t m o s p h e r e  o r  
n i  t r o u t  a t m o s p h e r e .  

And we f o u n d  t h a t  t h e  o n l y  i n c r e a s e  i n  c a r b o n a t e  
t h a t  came o u t  o f  l e a v i n g  it o u t  i n  t h e  a t m o s p h e r e  o r  l e a v i n g  
i t  o p e n  was  t h e  p o t a s s i u m  c a r b o n a t e ,  And j t i n c r c a s e d  s u b -  
s t a n t i a l l y .  W e l l ,  n o t  s u b s t a n t i  a l l y ,  b u t  i t was  a n  i n c r e a s e  
if  cel ls  were j u s t ,  s a y ,  washed and l e f t  o p e n  t o  t h e  atmos- 
p l rere .  

I n  a  vacuum o v e n ,  w e  f o u n d  t h a t  t h a t  was  a b o u t  
a s  bad i n  some c a s e s .  I n  a  c o u p l e  of c a s e s ,  i t came 
o u t  even  more. so  j . t  was k i n d  o f  u n u s t i a l .  Bu t  tile o n e s  w e  
p u t  i n  t h e  vacuum o v e n  came o u t  a l i t t l e  b i t  more p o t a s s i u m .  
c a r b o n a t e - w i s e  t h a n  t h e  ollcs t h a t  acre j u s t  l e f t  o u t  i n  tke 
a tn iosphere .  I d o n ' t  h a v e  a n  e x p l s n a t j . o n  f o r  t h a t .  

And t h e  o n e s  t h a t  were i n  t h e  n i t r o u s  a t m o s p k e r e  
were e s s e n t i a l l y  lower t h a n  both o f  t h e  o t h e r  two. So 
t h e r e  is t h e  a b s o r b i n g  C02 f rom t h e  n i  r i l l  f o r m i n g  p o t a s -  
s i u m  c a r b o n a t e .  K o w  wha t  happens  a f t e r  t h e  p o t a s s i u m  
c a r b o n a t e  is t h e r e ?  Docs i t  c o n t r i b u t e  t o  f o r m i n g  n i c k e l  
c a r b o n a t e  or cadmium c a r b o n a t e ?  \Ye haven  ' t r e a l l y  e s t a b -  
l i s h e d  t h a t  now, 

I d o n ' t  know i f  anyone  h e r e  h a s  done  a n y  work i n  
c a r b o n a t e  a n a l y s i s  o r  i n  t h e  p o t a s s i u m  c a r b o n a t e ,  b u t  i f  
so, I would  l i k e  v e r y  much t o  d i s c u s s  i t  w j - t h  them b e c a u s e  
t h e r e  aloe a  l o t  o f  a n s w e r s  wc d o n ' t  h a v e  We a r e  j u s t  
l o o k i n g  a t  t;ls.m, so I w i l l  a p p r e c i a t e  a n y  i n f o r m a t i o n  from 
anybody,  o r  a  d i s c u s s i o n  of i t ,  who h a s  d o n e  some work i n  
c a r b o n a t e  a n a l y s i s  o r  Iooking at p a r t i c u l a r l y  cadmi urn a:ld 
nickel carbonate i n  t h e  p l a t e s .  

Thank you .  

FORD: Thank you .  

A r e  t h e r e  a n y  q u e s t i o n s ?  

DUX'LQP: WhelI you t a k e  a  n ickel -cadmium cell  t h a t  
is new f rom t h e  m a n u f a c t u r e r  and you s t r i k e  t h e  e l e c t r o l y t e ,  
you n o r m a l l y  f i n d  9 o r  10 p e r c e n t  p o t a s s i u m  c a r b o n a t e  i n  t h e  
e l e c t r o l y t e .  You know t h o  m a n u f a c t u r e r  i s n ' t  p u t t i n g  i t  i n  



l h b  i n  t h a t  focm i n  t h e  e l e c t r o l y t e .  You do a n  a n a l y s i s  on h i s  
sample, and it is almost  a trnce element of ca rbona te .  You 
assume t h a n  t h n t  t h i s  carbonate cornes f m m  the p l a t e s ?  

JONES: I n  ti le cells,  i t  is b u i l t  i n t o  t h e  cells 
dur ing  t h a t ,  so I would assume t h e  e l e c t r o l y t e  a t t r a c t s  it 
o u t  of t h e  p l a t e s ,  yes, 

DUNWZP: The q u e s t i o n  you r e a l l y  run  i n t o  h e r e  is 
i f  you t a k e  your p l a t e s  and run  them through a f o r m t i o n  
process ,  and you e l i m i n a t e  t h e  ca rbona te  from tho p l a t e s  i n  
t h e  formation process ,  when then  do you pick  it up between 
t h e  formation process  and t h e  f i n a l  assembly i f  it is no t  
picked up i n  t h e  a i r .  

You seem t o  i n d i c a t e  t h e  ca rbona te  wasn' t  picked up 
i n  t h e  a i r .  

JONES: Well, now, t o  p inpo in t  a s p e c i f i c  a r e a  
e x a c t l y  where t h e  potassium ca rbona te  o r  t h o  n i c k e l  ca rbona te  
is picked up i n  t h e  ce l l ,  it would be k ind  of hard to  p i n p o i n t  
it. It cou ld  be any time t h a t  i t  is exposed t o  t h e  a i r ,  dur-  
i n g  washing or even dur ing  impregnation or* something. 

I d o n ' t  know e x a c t l y  w h a t  a rea  t h a t  I would pin- 
po in t  it, t h i s  is where i t  is coming i n  a t ,  or this is where 
most of i t  is picked up. I c o u l d n ' t  s a y  t h a t .  

SEIGER: Could you describe, a f t e r  you took t h e  p l a t e s  
and washed them w i t h  sodium hydr'oxide and washed t h e m  with 
water ,  cou ld  you describe t h e  process  of drying? And a l s o  
I would l i k e  t o  hear  how much t h e  c o n t e n t  was reduced,  

JONES : O k a y .  For d ry ing  I use a n i t r o u s  atmosphere. 
I took them and put  them i n  a c o n t r o l l e d  a tmoophere chamber 
a f t e r  w s h i n g ,  Depending on t h e  p l a t o ,  i t  was around anywhere 
from 35 t o  40 pe rcen t ,  according t o  f i g u r e s  we g o t .  Also, if 
you washed it a second time, it a l s o  brought it down a  l i t t le  
f a r t h e r .  

SEIGER: What k ind of l e v e l s  are t h e s e  i n  gram per 
p l a t e ?  

JONES: tet me see, t h e  p l a t e s  t h a t  we r a n  -- 
SEIGER: Were t h e r e  n i c k e l  s p e c i e s  p m s e n t  i n  the 

carboaate?  

JONES: I was working w i t h  t h o  nega t ive ,  so i t  would 
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be potass ium c a r b o n a t e ,  

SEIGEN: Fino.  Whnt p e r c e n t  o f  po tass ium s p s c i e s  
was p w s e n t  a s  po tass ium carbonate? 

JONES: I t h i n k ,  o f  t h e  a c t i v e  m a t e r i a l  i n  t h e  nega- 
t i v e  p l a t e ,  it was aEound 12  p e r c e n t ,  i n  t h e  noga t i v e  p l a t e s ,  

. Now t h e  p o s i t i v e  p l a t e s  wore a l i t t l e  less t h a n  t h a t .  

MIOGEH: I have two p r a c t i c a l  q u e s t i o n s .  What a r e  
your time r e q u i r e m e n t s  per  sample? I n  other words, how many 
samples  c a n  you r u n  p e r  hour l a  t h i s  proceduA*e, 

JONES: Okay, the whole procedure  takes about a ha l f  
a n  hour ,  25 minutes .  

KROGEH: The second one is what is your s e n s i t i v i t y ?  

JONES: You c a n  detect a b o u t  one m i l l i g r a m  of  car- 
born te.  

KROGEH: What is t h a t  -- potass ium ca rbona te?  

JONES : Cadmium or n i c k e l  c a r b o n a t e ,  

KROGEH: What a r e  t h e  samples? 

. JONJIS: Approximate weight  of 1 . 2  grams. 

KROGER: Okay . 
FOilD : Okay . O t  he&* quos t ions?  

MR. L t . IE :  After you have t h e  h o t  i o n i z e d  w a t e r  
wash, how do you de t e rmine  p l a t e  p o l a r i t i e s ?  

JONES: We u s e  a p h e n o l p h t h a l e i n  check  i n  t h e  wash. 

MR. LL'RIE: So you d i d n ' t  a c t u a l l y  check  t h e  p l a t e s  
for  hydroxide  i o n  c o n c e n t r a t i o n ?  

JONES: J u s t  t h e  wash. 

MLPERT: I want t o  s a y  t h i s  p rocedure  is described 
i n  a r e p o r t  d o i n g  a n a l y s i s  o f  t h e  p l a t e s  s t o r i n g  c a r b o n a t e s ,  
n i t r a t e s ,  hyd rox ides ,  p o s i t i v e s ,  n e g a t i v e s ,  separa tois and'  . 
comple t e  p rocedures .  I t  w i l l  be o u t  s h o r t l y .  Wg have t h e  
f i n a  1 c o p i e s  a t  t h i s  p o i n t .  

One o f  t h e  t h i n g s  I would l i k e  t o  stress t h a t  



C l i n t o n  found was no t  st much tire potass ium c a r b o n a t e  b e i n g  
R problem, because  you an c o n t r o l  t h a t ,  n t  leazst by work ing  
w i t h  i t  i n  p r o p w  aaslli.llg and p u t t i u y  i t  i n  inert attnosplrere, 
you c a n  c o n t r o l  t h a t .  

The p l a t e s  d i d  seem to  c o n t a i n  a  !. r ~ e  at . . ,br.t of 
cadmium c a r b o n a t e  or  n i c k e l  c a r b o n n t e  which WL:, n o t  we.>'red, 
or washed o u t  w i t h  h o t  w a t e r .  i n  w h i c h  po tass ium ca rbo l r a t e  
was de t e rmined .  A f t e r  washing  w i t h  t h e  w a t e r ,  a f t e r  t a k i n g  
a  sample o f  h q t  w a t e r  i n t o  which t h e  p l a t e  had beer> dipped  
and t h e  po tass ium c a r b o n a t e  removed, t hen  t h e s e  p l a t e s  were 
pu t  i n t o  t h i s  a p p a r a t u s  C l i n t  h a s  d e s c r i b e d  and c a r b o n a t e  
was d o t  ermi ned . 

So what h e  is t a l k i n g  about  now. i n  e s s e n c e ,  is 
l a r g e  amounts of c a r b o n a t e s  i n  t h e  p l a t e s :  n i c k e l  c a r b o n a t e  
i n  t h e  p o s i t i v e ,  cadmium c a r b o n a t e  i n  t h e  n e g a t i v e  and not  
s o  much potass ium c a r b o n a t e .  Po tass ium c a r b o n a t e  is washed 
o u t  w i t h  o r d i n a r y  w a t e r ,  warm w a t e r .  

BOCPSER: Do we know what l e v e l s  of  c a r b o n a t e  a r e  
r e a l l y  ha rmfu l ,  or  what t h e  e f f e c t  o f  c a r b o n a t e  r e a l l y  does? 

JOXES: No. We h a v e n ' t  de te rmined  t h a t .  When i t  
r e a l l y  g e t s  t o  be d e t r i m e n t a l .  o r  what is a  s a f e  l e v e l ,  o r  
what would happen i f  i t  was a l l  gone.  

FORD: I d o n ' t  know of  ally r e a l  c o n t r o l  test t h a t  
h a s  e v e r  been run  t o  demons t r a t e  the e f f e c t  o f  c a r b o n a t e .  

. RI>G~~:R: There  was a  pape r  g iven  a c o u p l e  of y e a r s  
ago by somebody from GE, I g u e s s ,  o v e r  i n  Europe,  I t h i n k  i; 
w i l l  p robably  t e l l  more about  i t .  F i f t y  o e r c e n t  l e v e l s  o f  
c a r b o n a t e  arc there b e f o r e  you c a n  see a n y t h i n g ,  is t h a t  r i g h t ?  
One of your  peop le ,  I t h i n k  t h e  p l a n t  manager,  Cototi ,  gave  
a  p a p e r ,  

RAMPEL: 'Up t o  50 p e r c e n t  -- was i t  a l i t t l e  o v e r  
30 pe rcen t?  

STEPHENSON: I am Stephenson from Slo toro la .  You 
a r e  s a y i n g  you see p r i m a r i l y  n i c k e l  c a r b o n a t e  and cadmium 
c a r b o n a t e  i n  t h e  d i s p l a y .  I d o n ' t  see by your appak-atus t h a t  
you c a n  d i s t i n g u i s h  between po ta s s ium c a r b o n a t e  and n i c k e l  
c a r b o n a t e .  You a r e  a c t u a l l y  measur ing  t o t a l  ca rbon  d i o x i d e  
l i b e r a t e d  from t h e  p l a t e .  Are you u s i n g  an  a u x i l i a r y  method? 

JONES: P r i o r  t o  s u b j e c t i n g  it t o  t h i s  method, the 
po ta s s ium c a r b o n a t e  is washed o u t .  

STEPIIENSON: You a r e  assuming it is washed o u t .  
You d o n ' t  know i f  i t  is washed o u t  f o r  c e r t a i n .  

JONES: We d o n ' t  know if i t  is a l l  washed o u t ,  no. 
We a r e  assunting, 



MIKKELSON: Could you a n a l y z e  t h e s e  p l a t e s  a t  t h e  
time of  a b s o r p t i o n  w i t h  an atomic c~nission spectrometer t o  
d e t c ~ * r n i i ~ c  t h c  potass ium c o n t c a t  bclore a n a l y s i s ,  to  d e t e r -  
tniae for s u r e  i f  i ndeed  you a r e  l ook ing  a t  po tass ium ca rbo -  
ncl te? 

JONES: We h a v e n ' t .  It c o u l d  be done,  y e a .  

MIKKELSON: What I am s a y i n g  is you c o u l d  have 
potass ium c a r b o n a t e  i n  a  p l a t e  t h a t  you a r e  no t  washing o u t  
i n  t h e  first wash sequel lce ,  b * ~ t  you arc, s e e i n g  i t  when you 
add s t r o n g  a c i d  t o  t h e  p l a t e  m a t e r i a l .  I t  is a  s u b t l e  
d i s t i n c t i o n .  bu t  i t  is t h e  whole argument o f  your  paper :  
where is  t h e  c a r b o n a t e  coming from, is i t  indeed  potass ium 
ca rbona te?  

FORD: Yes. I would l i k e  t o  comment. There  was 
,some work done a l o n g  t h o s e  l i n e s  i n  the l a s t  y e a r  a t  t h e  
end ing  of  t h e  c o n t r a c t  w i t h  EP on process v a r i a b l e s ,  where 
t h e y  were look ing  a t  t h e  c a r b o n n t e  problem, where i t  comet 
from, and a  process a s  t o  how to a n a l y z e  i t .  

They d i d  f i n d  o u t  t h a t  t h e  amount o f  c a r b o n a t e  t h e y  
would measure o f f  o f  p l a t e s ,  there was more c a r b o n a t e  there 
t h a n  c o u l d  be accounted  f o r  by t h e  po tass ium i o n s  t h e y  found 
i n  t h e  p l a t e s .  Okay. N o w ,  I d o n ' t  know what t h e  -umbers 
were. 

LURIE: T h e r e  is d e f i n i t e i y  a  p a r t i f  ,ng o f  a l l  
these species when you t a k e  a  p l a t e  and you cl i t  by 
s o a k i n g  i t .  by having  i t  b l e a c h e d ,  and i o n s  li, s o d i u n  and 
potass ium tended  t o  s t i c k  r a t h e r  t e n a c i o u s l y  on t h e  n i c k e l  
s u r f a c e .  And you d o n ' t  g e t  a l l  of t h e m  o u t ,  n o r  do you 
remave a l l  of t h e  hydroxyl  i o n s  when t h e  h o t  w a t e r  h a s  t u r n e d  
n e u t r a l .  

111 o t h e r  words,  i f  you wash and you mon i to r  t h e  
h y d r o ~ y l  ion  c o n c e n t r a t i o n  o f  the wash w a t e r ,  you w i l l  r e a c h  
a  n e u t r a l  wash w a t e r  b e f o r e  t h e  p l a t e  h a s  lost  a l l  of its 
hydroxide  w i t h i n  t h e  s e n s i t i v i t y  af a normal r a n g e .  

JONES: What you are s a y i a g  is t h a t  t h e r e  is possibly 
still t h e  cadmium c a r b o n a t e  still t h e r e .  

LURIE: There  is p robab ly  s t i l l  potass ium hydrox ide  
p r e s e n t  i n  your  p l a t e  a f t e r  your  wash even though your  wash 
w a t e r  shows n e u t r a l .  And i t  probably  is n e c e s s a r y  to d o  a n  
e l emen ta ry  a n a l y s i s  of t h e  p l a t e ,  r a t h e r  t h a n  t h e  wash water, 
because  it is i n  f a c t  t h e  p l a t e  you a r e  i n t e r e s t e d  i n ,  

The re  is a  p a r t i t i o n i n g ,  and t h e  p a r t i t i o n i n g  is n o t  
way o v e r  on one  s i d e .  

JONF,S: You are ~ a y i n g  re c o u l d  p o s s i b l y  o v e r l o o k  a 



s i g n i f i c a n t  amount o f  p o t a s s i u m  i o n s ?  

FORD: Okay ,  The g e n t l e m a n  i n  t h e  back? 

LACKNER: Joe L a c k n e r .  I am a f r a i d  I w i l l  h a v e  to 
make my a n n u a l  s t a t e m e n t  a b o u t  c a r b o n a t c .  The  D c f c n s c  R e s e a r c h  
Board  d i d  e x t e n s i v e  work o n  c a r b o n a t e s  i n  t h e  l a t e  and mid 
1 9 5 0 ' s .  T h i s  was  ~ e p o r t c d  i n  t h e  E l e c t r o c h e m i c a l  J o u r n a l ,  
i n c l u d i n g  t h e  a m  I y s i s  and t h e  t h e  t o l e r a n c e  l e v e l s .  We h a v e  
doile e x t e n s i v e  work i n  t h e  6 0 ' s  p a r t i c u l a r l y  w i t h  a i r c i 0 a f t  
ba t ter ies ,  t a k i n g  i t  o u t .  

The l e v e l  we s p e c i f i e d  f o r  s a t e l l i t e s  is less t h a n  
4 p e r c e n t  by w e i g h t  d e ~ l s i t y .  The manufac t u r f  ag process is 
such  t h a t  i t  w i l l  g i v e  you a  1 0 ,  1 2  p e r c e n t .  C02 is v e r y  t e n -  
a c i o u s  w i t h  p o t a s s i u m  h y d r o x i d e  so you c a n ' t  h e l p  b l ~ t  get i t  
i n t o  t h e  p l a t e  s t r u c t u r e  d u r i n g  manuf a c t u r e .  

The shter p l a t e  is *ous  to  a b o u t  80 p e r c e n t ,  so 
j u s t  w a s h i n g  i t  i s n ' t  g o i n g  t o  g e t  y o u r  c a r b o n a t e  o u t .  You 
h a v e  to ~ o r k  i t  o u t .  You h a v e  t o  c h a r g e  and d i s c h a r g e  and 
work i t  u p .  S o  j u s t  w a s h i n g  i t  w o n ' t  g e t  you anywhere .  

We u s u a l l y  s p e c i f y  t h a t  t h e  c a r b o n a t e  l e v e l  h a s  t o  
be less t h a n  4 p e r c e n t  a f t e r  n minimum o f  t h r e e  c h a r g e - d i s c h a r g e  
c y c l e s ,  p a r t i c u l a r l y  i n c l u Z i n g  a  h i g h  t e m p e r a t u r e  c y c l e .  High  
t e m p e r a t u r e  w i l l  d r i v e  i t  o u t ,  b u t  you h a v e  to  work i t  u p  by 
c h a r g e  and d i s c h a r g e  by u s i n g  a  f l u s h i n g  t e c h n i q u e .  

When you g o  t h r o u g h  t h e  e f f e c t s  o f  c a r b o n a t e ,  you 
c a n  g e t  v e r y  m i s l e a d i n g  r e s u l t s ,  b e c a u s e  i f  you h a v e  a n  o p e n  
p o r e  s t r u c t u r e  you c a n  g e t  away w i t h  a s  h i g h  a s  maybe 8 per- 
c e n t  o r  10 p e r c e n t  c a r b o n a t e ,  and i t  d o e s n ' t  b l o c k  t h e  p o r e s .  

If  you h a v e  a  v e r y  t i g h t  p o r e  s t r u c t w e ,  and  i t  is 
more pronounced,  t h e  c a r b o n a t e  h a s  a  mask ing  e f f e c t ,  I t  
a f f e c t s  y o u r  low t e m p e r a t u r e - o p e r a t i o n .  I t  a f f e c t s  y o u r  h i g h  
r a t e  o f  d i s c h a r g e .  I t  c a n  g i v e  you a  s l e e p  e f f e c t .  We h a v e  
s e v e r a l  p a p e r s  o n  t h i s  b u t  i t  is i n  t h e  open l i t e r a t u r e .  I 
sort of h e s i t a t e  to  come u p  e v e r y  y e a r  and m e n t i o n  t h i s ,  
b e c a u s e  I t h i n k  i t ' s  old h a t .  

FORD: Thank you .  
: < 

STEIEHI-WER: I wonder  i f  you c o u l d n ' t  correct y o u r  
results a s  t o  w h e t h e r  t h e r e  is still  ~ t a s s i u m  c a r b o n a t e  or 4 ' 

cadmium c a r b o n a t e  by a n a l y z i n g  y o u r  a c i d  s o l u t i o n  i n  y o u r  
a p p a r a t u s ?  

JONES: We could  c h e c k  i t ,  T h e r e  is a p o s s i b i l i t y  
we c o u l d  l o o k  i n t o  t h a t .  

FORD: Let's take o n e  more q u e s t i o n .  



LACKNER: W i t h  r e g a r d  to l e v e l s  of c a r b o n n t e  t h a t  
might be harmful ,  t h i s  is n p a r t  q u e s t i o n ,  I s n ' t  i t  f a i r  to 
assume t h a t  the n i c k e l  and cnclmiun~ c n r b o n n t e s  are n o t  clcctro- 
c h e m i c a l l y  a c t i v e ,  and therefore t h a t  is los t  m a t e r i a l  t h a t  
c o u l d  account  f o r  t h e  s o - c a l l e d  c o e f f i c i e n t  o f  u t i l i z a t i o n ,  
s o - c a l l e d  i n e f f i c i e n c i e s ,  impregnat ion? Any comments on t h a t ?  

FORD: Anyone want t o  f i e l d  t h a t  q u e s t i o n ?  Apparen t ly  
n o t .  Okay. Thank you, C l i n t .  

I would l i k e  t o  move on .  A t  t h i s  t i m e ,  we have D r .  
Font from t h e  SAFT C o r p o r a t i o n  of France  who would l i k e  t o  
g i v e  a p r e s e n t a t i o n  e n t i t l e d ,  Vcmory  E f f e c t  on Nickel-Cadmium 
C e l l s . "  D r .  Font .  

FONT : Thank you. 

Nickel-cadmium memory effect is a m a n i f e s t a t i o n  of 
t h e  memory effect on nickel-cadmium ce l l s ,  is a p re sence  of  a 
second p l a t e a u  that  j o i n s  t h e  d i s c h a r g e  o f  t h e  cel ls  a t  1 p o i n t  
mi l l i vo l t s  lower v o l t a g e  l e v e l ,  app rox ima te ly  105 v o l t s  p e r  
cell, fo r  one  c e l l .  . 

The second p l a t e a u  is observed  e s s e n t i a l l y  on d i s c h a r g e  
a f t e r  c h a r g e  f o r  three d i f f e r e n t  c o n d i t i o n s .  The first one is 
on con t inuous  f l o a t i n g ,  mainly t e l e p h o n e  a p p l i c a t i o n s .  You c a n  
obse rve  a f t e r  s e v e r a l  months of  f l o a t i n g  a second p l a t e a u  on I, 
t h e  t h i r d  d i s c h a r g e .  

8 
1; 

A second p o s s i b i l i t y  is t o  o b s e r v e  t h e  second  p l a t e a u  on  1 
c h a r g e  r e t e n t i o n  a t  v e r y  h igh  t e m p e r a t u r e s ,  e s p e c i a l l y  h i g h e r  3 
t h a n  45' C .  The second p o i n t  is one p o i n t  of i n t e r e s t  f o r  u s ,  
is t o  obse rve  the second p l a t e a u  i n  a c o n t i n u o u s  
c y c l i n g ,  e s p e c i a l l y  for low orb i t  a p p l i c a t i o n s .  

i 1 
E 

The second p l a t e a u  g e n e r a l l y  is  e l i m i n a t e d ,  b u t  o n l y  f b 
t e m p o r a r i l y  a f t e r  one o r  some comple te  d i s c h a r g e  of t h e  c e l l  
down t o o n e v o l t  a n d a p p e a r s  to  be r e l a t e d  t o a w e l l d e f i n e d  . 
p r o c e s s .  We have therefore measurements on e l e c t r o d e  p o t e n t i a l s  
v e r s u s  o x i d e  mercury on t h e  r e c o r d  d u r i n g  t h e  d i s c h a r g e  o f  t h e  
c e l l ,  and we have s e e n  t h a t  t h e  n e g a t i v e  was r e s p o n s i b l e '  
f o r  t h e  second p l a t e a u .  

( S l i d e  118 ) 

T h i s  is a .&ematic f i g u r e  i n  which you c a n  see t h e  
measurement we have made. You see t h e  second p l a t e a u  on t h e  
n e g a t i v e  e l e c t r o d e  a t  about  one  mi l l ivo l t  less t h a n  t h e  normal ; 

v a l u e .  T h i s  t a k e s  i n t o  account  t h e  second p l a t e a u  on t h e  ce l l s .  
The f irst  a n a l y s i s  of t h e  c a u s e s  of t h e  phenomena h a s  been con- 
t a c t e d ,  and we have looked a t  s e v e r a l  p o i n t s .  One is  r o l l - o f f  
e l e c t r o l y t e  and c a r b o n a t e  i n f l u e n c e ;  secon$, t h e  i n f l u e n c e  of 





l h l l  p r o d u c t s  l i k e  p e r o x i d e  H202 m i  nus  produced d u r i n g  
and t h e  c o n s i d e r a t i o n  o f  t h e  negative e l c c t i w d c .  

T h i s  a n a l y s i s  h a s  shown t h a t  p o i n t  o n e  

o v e r c h a r g e ,  

and ma in ly  
p o i n t  two, t h a t  means t h e  e l e c t r o l y t e  or  p r o d u c t s  l i k e  
hydroxide ,could  accoun t  for t h e  second  p l a t e a u  b u t  w i t h  a 
s h o r t  d u r a t i o n ,  g e n e r a l l y  less t h a n  10 p e r c e n t  of t h e  to ta l  
a v a i l a b l e  c a p a c i t y  o n  t h e  ce l l .  

T h r e e  is t h e c o n c e n t r a t i o n  o f  t h e  n e g a t i v e  electrode. I t  
seem to be t h e  e s s e n t i a l  f a c t o r  and p a r t i c u l a r l y  t h e  n i c k e l  
hydroxide  c o n t e n t  o n  t h e  n e g a t i v e  electrode. W'hy d o  w e  have  a 
h i g h  v o l t a g e  c o n t e n t  011 t h e  n e g a t i v e  e l e c t r o d e ?  T h e r e  are 
t ~ o  p o s s i b i l i t i e s ,  

One is t h e  of t h e  sbnter of n i c k e l  s u p p o r t  
of t h e  p l a t e  by t h e  a c i d  s o l u t i o n  of impregna t ion  d u r i n g  t h e  
c l i n i c a l  p r o c e s s .  The second is t h a t h t h e  s o l u t i o n  of impreg- 
n a t i o n ,  even  f o r  t h e  n e g a t i v e  impregna t ion ,  re have always a 
s m a l l  amount of n i c k e l  which c a n  c o - p r e c i p i  t a t e  w i t h  t h e  cadmium 
hydroxide  d u r i n g  t h e  process. 

So t h i s  n i c k e l  c o n t e n t  on  t h e  n e g a t i v e  p l a t e ,  a f t e r  a  
chemica l  impregna t ion ,  c a n  v a r y  around a  v a l u e  which r e p r e s e n t s  
abou t  5 p e r c e n t  of t h e  c a p a c i t y  of t h e  n e g a t i v e  e l e c t r o d e .  

( S l i d e  119.) 

On F i g u r e  2, it w i l l  r e - r e s e n t  t h e  role of t h e  n i c k e l  
hydroxide  cor . ten t  on  t h e  n e g a t i v e  ) l a t e .  and w e  haveo t r i ed  t o  
demons t r a t e  t h e  e f f e c t  on t h e  c h a r g e  r e t e n t i o n  a t  50 C . The 
i n i t i a l  c a p a c i t y ,  which h e r e  is C zero a f t e r  c h a r g e  and 
d i s c h a r g e  c y c l e s ,  some c h a r g e  and d i s c h a r g e  c y c l e s .  

We have performed t h e  c h a r g e  r e t e n t i o n  a t  5 0 O ~  fo r  
11 days .  On t h e  c o n t i n u o u s  c u r v e  you see t h a t  t h e  c a p a c i t y  
c h a r g e  r e t e n t i o n  d e c r e a s e s  w i t h  i n c r e a s i n g  any 2+ c o n t e n t  on  
t h e  n e g a t i v e  e l e c t p o d e .  These  a r e  t h e  p o i n t s  A, B, and C on  
t h e  c o n t i n u o u s  cu rve .  

On t h e  d o t t e d  l i n e  c u r v e ,  you see t h e  c a p a c i t y  d i s -  
c h a r g e  a t  t h e  second  p l a t e a u  i n c r e a s e s  w i t h  i n c r e a s i n g  t h e  
n i c k e l  2+ c o n t e n t .  These a r e  t h e  b l a c k  p o i n t s .  Fo r  t h e  p o i n t  C 
w e  c o n s i d e r  t h e  c a p a c i t y  a t  t h e  second p l a t e a u  is minimized,  
because  w e  have a low v a l u e  o f  c a p a c i t y  on c h a r g e  r e t e n t i o n  
tests. I t  c o r r e s p o n d s  to  t h e  p o i n t  a t  0.3 n i c k e l  2+ c o n t e n t .  

Well, we have v e r i f i e d  a l s o  t h e  role of n i c k e l  2+ 
c o n t e n t  on  t h e  c o n t i n u o u s  p a r t i a l  c y c l i n g  a t  a t empera tu re  o f  
20W, w i t h  a  d e p t h  o f  d i s c h a r g e  o f  30 p e r c e n t  i n  t h e  low orbit  
c o n d i t i o n  c y c l i n g .  We have two series o f  cells,  one  i n  which 
t h e  n e g a t i v e  p l a t e s  have been impregnated  by t h e  s t a n d o f f  p r o c e s s  
w i t h o u t  any s p e c i a l  c a r e .  





i A s e c o n d  series o f  p l a t e s  i n  which  i m p r e g n a t i o n  is 
made by y o u r  s p c c i n l  p r o c e s s i n g  i n  o r d e r  t o  f i i~~in i ize  or* t o  
decrease a t  t iic ~aaxi~nual  the n i c k e l  c o n t e n t  o n  t h e  
n e g a t i v e  p l a t e .  I 

I f  we c a n  l o o k  a t  F i g u r e  3. 

( S l i d e  ,120. ) 

You see h e r e  o n  F i g u r e  3 t h e  d i s c h a r g e  c u r v e  of 
t h e s e  two t h e o r i e s .  A f t e r  s e - * e n  a b o u t  c y c l e s  o n  t h e  s t a n d a r d  
i m p r e g n a t i o n ,  you o b s e r v e  a  pronounced s e c o n d  p l a t e a u ,  and 
t h e r e  is n o  s e c o n d  p l a t e a u  for t h e  same c a p a c i t y  w i t h  a 
s p e c i a l  i m p r e g n a t i o n .  A f t e r  a b o u t  4,000 c y c l e s  the s e c o n d  
p l a t e a u  is  more pronounced f o r  t h e  s t a n d a r d  i m p r e g n a t i o n ,  and  
we b e g i n  t o  have  a  l i t t l e  s e c o n d  w i t h  t h e  s p e c i a l  
i m p r e g n a t i o n  b u t  a s s o c i a t e d  w i t h  a  l o s s  o f  c a p a c i t y .  

So what  is i m p o r t a n t  t o  remember is t hp t i f  w e  d e c r e a s e  
t h e  s e c o n d  p l a t e a u  l e v e l  w e  c a n  have  a  loss o f  c a p a c i t y  o n  
n e g a t i v e  e l e c t r o d e  b e c a u s e  t h e s e  cel ls  were c e l l s  in 
which  t h e  n e g a t i v e  and p o s i t i v e  e l e c t r o d e  h a v e  a  v e r y  close 
c a p a c i t y .  So t h e  l o s s  w e  o b s e r v e  is due  r e a l l y  t o  t h e  n e g a t i v e  
e l e c t r o d e ,  

Well, I want  t o  h a v e  some p r e l i m i n a r y  c o n c l u s i o n ,  
b e c a u s e  t h i s  is a  v e r y  p r e l i m i n a r y  work o n  t h i s  p rob lem.  A l l  
w e  c a n  s a y  u p  t o  now IS t h a t  t h e  n e g a t i v e  e l e c t r o d e  is r e s p o n -  
s i b l e  f o r  wha t  is c a l l e d  t h e  nemory e f f e c t  o n  t h e  n ickel -cadmium 
ce l l s .  

The n i c k e l  c o n t e n t  o n  t h e  n e g a t i v e  e l e c t r o d e s  seems 
t o  b e  r e l a t e d  t o  t h e  p r e s e n c e  o f  a  s e c o n d  p l a t e a u  d u r i n g  d i s c h a r g e  
of  t h e  c e l l ,  a h t h e  r o l e  of' n i c k e l  is c l e a r l y  o b v i o u s ,  t h e  
mechanism i s  n o t  y e t  c l a r i f i e d .  Does t h e  n i c k e l  2+ a c t  a s  a  c a t a -  
l y s t  o r  a n  e x p a n d e r  or  is t h e r e  a n y  f o r n i a t i o n  o f  t h e  complex  
nickel-cadmium? Up t o  now w e  h a v e  n o t  b e e n  a b l e  to  d e t e r m i n e  
e x a c t l y  wha t  was  t h i s  mechanism. 

The a b s e n c e  o f  n i c k e l  2+ o f  t h e  n e g a t i v e  e l e c t r o d e  
seems t o  h a v e  a  d e t r i m e n t a l  e f f e c t  w i t h  time o n  t h e  c a p a c i t y  
a v a i l a b l e  a t  t h i s  e l e c t r o d e .  Our  r e s u l t s  a r e  i n  agreement  w i t h  
a p a p e r  p r e s e n t e d  by P o z i n  Gamaskin ,  and p u b l i s h e d  by t h e  
J o u r n a l  o f  A p p l i e d  C h e m i s t r y  o f  USSR, i f  you want  S t .  

And i n  t h i s  p a p e r  i t  s t a t e s  t h e  s e c o n d  p l a t e a u  c a n  be 
a t t r i b u t e d  t o  t h e  f o r m a t i o n  o f  i n t e r m e t a l l i c  compounds w h i c h  
t h e y  have  d e t e r m i n e d  t o  b e  NE5 CD21. T h a t  i s  a l l  a b o u t  t h e  
memory e f f e c t  . 

GINER: J o s e  G i n e r .  I have r e a d  t h e  R u s s i a n  p a p e r ,  i 
a n d  I see you a g r e e  v e r y  much w i t h  t h i s  t y p e  o f  w o r k ,  

M)NT: Yes. 
II ' 

GINER: I would l i k e  to  p u t  o u t  a word o f  c a u t i o n  t h a t  





t h e  n i c k e l  e l e c t r o d e  does  someth ing  too when you work w i t h  i 
n i c k e l  hydrogell ce l l s .  I t  is sotnething very s i m i l a r  to  o 
memory o f f e c t .  I t  happens i n  p a r t i a l  c y c l i n g .  I t ' s  t h e  n i c k e l  i 
e l e c t r o d e .  Tho e f f w t  is due  t o  t h e  n i c k e l  e l e c t r o d e .  

S t i l l  more i n t e r e s t i n g ,  you c a n  erase t h i s  memory 
e f f e c t  by t o t a l  d i s c h a r g i n g .  

FONT: A t  what v o l t a g e  do you o b s e r v e  t h i s  mentory 
e f f e c t ?  

GINER: S i m i l a r  t o  loss o f  d i s c h a r g e  t r a i l i n g .  I t ' s  
n o t  v e r y  w e l l  d e f i n e d ,  b u t  you c a n  see t h i s  memory e f f e c t .  
I t  is n i c k e l .  

FONT: Yes, we have  obse rved .  F o r  example,  we are 
moving some e l e c t r o l y t e  or  by a d d i t i o n  of p e r o x i d e s  t h a t  w e  
c a n  have a second p l a t e a u  due t o  this k i n d  o f  t h i n g .  I t  is 
n o t  a v e r y  l o n g  or  a  v e r y  l a r g e  amount. I t  is a lways  less t h a n  
10  pe rcen t .  I t  is d i f f i c u l t  to e x p l a i n  t h e  second  p l a t e a u  o f  
50  p e r c e n t  o f  c a p a c i t y  o n l y  by e l e c t r o l y t e  e f f e c t  o r  p e r o x i d e  
e f f e c t ,  and I would l i k e  t o  know e x a c t l y  what is  t h e  v o l t a g e  
you observed  on t h e  second p l a t e a u ,  because  i t ' s  a t  t h e  p o s i -  
t i v e  e l e c ~ ~ o d e  you have a second p l a t e a u  a t  0 . 8  v o l t s  which 
is d i f f e r e n t .  

GINER: Y e s .  I n  a d d i t i o n  to  t h e  second  p l a t e a u ,  you 
get a t h i r d  p l a t e a u ,  abou t  ,8.  Ve t h i n k  i t ' s  v e r y  s e n s i t i v e .  

FONT: Y e s ,  i t  i s  a w e l l  kno~ in  e f f e c t  a t  0.8 v o l t s .  

GIKER: Y e s ,  you lose t h a t  e a s i l y .  

FONT: What i s  t h e  amount o f  t h e  second  p l a t e a u .  a t  
abou t  1 v o l t  t h a t  vou observed?  

GINER: I . a m  n o t  r e a d y  t o  d i s c u s s  t h e  e x a c t  amount, 
b u t  i t ' s  v e r y  s i m i l a r  t o  what one  r e a c h e s  abou t  t h e  memory 
e f f e c t .  

FONT: Okay. 

DUNLDP: There  w i l l  b e  some d a t a  o f  t h i s  t y p e  presen-  
t e d  t h i s  a f t e rnoon .  F r a n k l y ,  you do see a l o s s  o f  v o l t a g e  w i t h  
t h e  nickel-hydrogen w i t h  c y c l i n g ,  which is somewhat l i k e  you see 
w i t h  t h e  nickel-cadmium b u t  n o t  a s  pronounced. 

FONT: I t ' s  less.  

DUNmP: I would a g r e e  w i t h   hat you s a i d .  There  is i 
some e f f e c t  w i t h  t h e  n i c k e l  c y c l i n g  i n  terms o f  l o s s  o f  v o l t -  
age, b u t  i t  d o e s n ' t  seem q u i t e  a s  pronounced a s  t h i s  e x c e s s i v e  
memory e f f e c t  t h a t  you sometimes o b s e r v e  w i t h  nickel-cadmium, 



F'ONT: We h a v e  s e e n  a l s o  t h i s  k i n d  o f  f i g u r e ,  but  i t  
wns m a i n l y  w i t h  t h e  p l a t e n u  a t  0 . 8  v o l t s .  I t  was  n o t  so 
pronounced a s  n i c k e l  cadmium. 

KROGER: I n  t h e  p a s t  few y e a r s  w e  h a v e  done  some work 
a t  t h i s  p o i n t ,  t h e  same work a s  t h e  U. S.  A i r  F o r c e  c o n t r a c t  
work as r e p o r t e d  i n  t h e  f i n a l  r e p o r t  a b o u t  memories. I t  was 
o n  t h e  s i d e - l i n e ,  and  I a l s o  g a v e  two p a p e r s  i n  e l e ~ t ~ o c h e t n i c a l  
a n a l y s i s .  

I n  o u r  o p i n i o n  t h e  memory h a s  s e v e r a l ,  h a s  two r e a s o n s .  
F o r  t h e  f irst  w e  found  t h e  p o s i t i v e  e l w t r o d e  you have  a lack 
o f  c h a r g e  e f f e c t  t h a t  k i i i s  t h e  c a p a c i t y ,  b u t  o n l y  t e m p o r a r i l y .  
You c a n  restore i t .  

The s e c o n d  t h i n g  is you h a v e  sonie t l i ing  w h i c h  i s  much 
more p ro found  i n  t h e  n e g a t i v e  e l e c t r o d e .  The  s t e p  you o b s e r v e d ,  
100, 150  m i l l i v o l t s ,  d e p e n d i n g  upon t h e  d i s c h a r g e  r a t e ,  t h a t  
is d e f i n i t e l y  c a u s e d  by  t h e  n e g a t i v e  and a l m o s t  i m p o s s i b l e  t o  
get r i d  o f  i t  i n  a sealed c e l l .  

FONT: Excuse  m e .  I f  you d o n ' t ?  

KROGER: I f  you h a v e  a  t r u l y  s e a l e d  c e l l ,  you c a n n o t  t .  g e t  r i d  o f  t h e  s t e p  i n  t h e  n e g a t i v e .  I f  you h a v e  a  p o s s i b i l i t y  i 
t o  v e n t  and you c a n  p u t  b a c k  t h e  o r i g i n a l  p r e c h a r g e ,  w h a t e v e r  3 - 
you c a l l  i t ,  t h e n  w e  c a n  g e t  r i d  o f  i t .  i ; 

j :. 

The t h i r d  o b s e r v a t i o n  I would  l i k e  to  make is i n  o u r  1 
o p i n i o n  t h e  memory e f f e c t  v e r y  c l e a r l y  i s  a s s o c i a t e d  w i t h  t h e  
geomet ry  o f  t h e  c e l l .  You h a v e  a  t h i c k  pane  to  g o  t h r o u g h  to 
get memory i n  round c e l l s .  I11 p l a i n  c e l l s  i t  i s  e a s i e r ,  

f : 
I 

d e p e n d i n g  o n  t h e  c o n f i g u r a t i o n  o f  the plates. You c a n  p r o d u c e  1 :  
a l l  t y p e s  o f  s e v e r i t y  o f  t h e  memory. D a 

3 .  
FONT: I t  d o e s n ' t  t a k e  me so much o n  t h e  l a s t  t h i n g .  

I t h i n k  t h a t  i n  t h e  menlory a s p e c t  t h e r e  a r e  two p o i n t s  i n  f 
t h e  memory e f f e c t .  Yy c o n c e r n  was  t h e  n e g s t i v e  e l e c t r o d e  I :  . , . . 
I am n o t  s p e a k i n g  a l w a y s  a b o u t  t h e  loss o f  p o t e n t i a l  i n  t h e  . - 

i 
o p p o s i t e  c u r v e  which  a l s o  c a n  b e  s o m e t h i n g  w i t h  a  p o s i t i v e  
e f f i c i e n c y  . 

But  w i t h  r e s p e c t  t o  t h e  n e g a t i v e  e l e c t r o d e ,  sometimes 
you c a n ' t  o b s e r v e  t h e  s e c o n d  p l a t e a u  a t  o n e  m i l l i v o l t  o r  less, 
b e c a u s e  you have a  c e l l  w h e r e  you have  a  l a r g e  r e c h a r g e ,  a n d  
you have  a  s e c o n d  p l a t e a u ,  b u t  i t  is  on t h e  p r e c h a r g e ,  and you 
d o u ' t  see i t ,  b u t  i t  e x i s t s  a n d  a l o n g  t h e  c y c l e  i t  b e g i n s  t o  
a p p e a r .  

e - 
i 

So  a c c o r d i n g  to  y o u r  p r e c h a r g e  l e v e l ,  you c a n  have , .  . , 

cells  i n  which  you d o n ' t  see a s e c o n d  p l a t e a u  b e c a u s e  you have 
a  h i g h  p r e c h a r g e .  I d o n ' t  know i f  we h a v e  t o  a s s o c i a t e  i t  w i t h  
t h e  g e o m e t r y .  I would  p r e f e r  t h a t  i t  was  a s s o c i a t e d  w i t h  t h e  
d e s i g n  o f  t h e  c e l l .  P e r h a p s  i n  some ce l l s  you h a v e  a d i f f e r e n t  



l h l S  n e g a t i v e  t o  p o s i t i v e  r a t i o  d e s i g n  o r  a  d i f f e r e n t  c h a r g e  a d j u s t -  
ment which  g i v e s  you cliffcrcrrc itlcas a t  t h e  second p l a t e a u .  

STEIhWAUER: Does y o u r  work o r  t h e  R u s s i a n  p a p e r ,  i f  
t h i s  effect is t r u e  o f  t h e  p lus - two  n i c k e l ,  g o  i n t o  concen-  
t r a t i o n  effects w i t h  r e g a r d  to  time dependency w i t h  how s o o n  
you would o b s e r v e  t h i s  o r  how s e v e r e  i t  ~ o u l d  get? 

FONT: I t  d o e s n ' t  p r e s e n t  r e s u l t s  i n  t i m e  depend- 
e n c y ,  I t ' s  o n l y  a  p r e s e n t a t i o n  o n  t h e  e f f e c t  o f  t h e  n i c k e l  
2+, b u t  i t  d o c s n ' t  s p e a k  a b o u t  t h e  d i f f e r e n t  k i n d s  o f  
r e g i m e s  o r  d u r a t i o n .  

STEXhXAUR: With  r e g a r d  t o  t h e  amount o f  n i c k e l  
t h a t  m i g h t  be p r e s e n t ?  

FONT: Yes. 

FORD: O t h e r  q u e s t i o n s ,  comments? 

PALANDATI: I  was  w o n d e r i n g  i f  you h a v e  a n y  feelers to  
w h e t h e r  t h e  d i s c h a r g e  r a t e s  may have a n  i m p o r t a n t  e f f e c t  o n  t h e  
s o - c a l l e d  memory e f f e c t  -- i n  o t h e r  w o r d s ,  i f  you were to run. 
a  h i g h e r  d i s c h a r g e  r a t e ?  

FONT: Well, f o r  F r e n c h  i ~ a t i o n a l  a g e n c y  we have  had 
l i f e t i m e  e v a l u a t i o n  on c y l i n d r i c a l  ce l l s  y e a r s  ago ,  and  I 
have  looked  a t  t h e  r e s u l t s  o f  t h e  s e c o n d  p l a t e a u s  o f  ce l l s  
i n  d i f f e r e n t  d e p t h s  of d i s c h a r g e  and d i f f e r e n t  t e m p e r a t u r e .  
And there a r e  m m e  g e n e r a l  r u l e s .  and I d o n '  t know i f  t h e y  
a r e  a s s o c i - a t e d  n i  t h  d e p t h  o f  d i s c h a r g e ,  t e m p e r a t u r e ,  o r  
t h e  r a t e  o f  d i s c h a r g e .  

But  t h e r e a r e  some g e n e r a l  r u l e s  i n  which  you o b s e r v e ,  
f o r  example ,  v e r y  low d e p t h s  of d i s c h a r g e ,  v e r y  h i g h ,  s e v e r e  
s e c o n d  p l a t e a u  a t  h i g h  t e m p e r a t u r e s .  F o r  example ,  a t  low temp- 
e r a t u r e s  you o b s e r v e  p e r f e c t l y  a s e c o n d  p l a t e a u  when you a r e  
a t  h i g h  d e p t h s  o f  d i s c h a r g e .  I t  rises a t  low d e p t h s  of d i s -  
c h a r g e ,  

T h e r e  a r e  some g e n e r a l  r u l e s .  I h a v e  n o t  l o o k e d  i n t o  
a l l  t h e  d e t a i l s  o f  t h a t ,  

PALANDATI: The r e a s o n  I b r i n g  t h i s  u p ,  I work m a i n l y  
w i t h  s i l v e r - z i n c  and  I f i n d  I a l s o  see s o m e t h i n g  s i m i l a r  to t h i s  
i n  s i l v e r - z i n c .  I would have t o  a t t r i b u t e  i t  t o  t h e  f a c t  t h a t  
o n  a  s i l v e r - z i n c  c e l l  you lose y o u r  z i n c  m a t e r i a l ,  y o u r  n e g a t i v e  
m a t e r i a l .  I t  s l u m p s  o f f  t h e  p l a t e .  E v e n t u a l l y  you get to  t h e  
p o i n t  w h e r e  you h a v e  more p o s i t i v e  t h a n  you h a v e  z i n c .  

A t  t h i s  p o i n t ,  I f i n d  t h a t  we would ,  w i t h  t h e  s a t e l l i t e  
a p p l i c a t i o n  w i t h  r e a l  low r a t e s ,  t h a t  I d e f i n i t e l y  do see a 
s e c o n d  p l a t e a u  t a k e  p l a c e  r o u g h l y  a f t e r  a b o u t  75 p e r c e n t  of t h e  
d e p t h  of d i s c h a r g e ,  75 p e r c e n t  o f  c a p a c i t y  h a s  b e e n  removed.  
S i m i l a r  tests h a v e  b e e n  u s e d  a t  h i g h e r  r a t e s  t h a n  w e  do t h a t  
m i e h t  m s s i b l v  be d i s c h a r r e  r a t e s  t h a t  h a v e  an e f f e c t .  



FONT: Y e s ,  pe rhaps .  

FORD: A 1 1  one  more, t h e n  we w i l l  move o n ,  

GASTON: I have a comnient on s i l v e r - z i n c .  O r d i n a r i l y  - 

you have your d i sc l in rge  because  you have two species, 

PALANDATI: I am t a l k i n g  about  t h e  normal l e v e l .  

GASTON: You mentioned two p l a t e a u s .  

PALANDATI: D e f i n i t e l y  you see your  p e r o x i d e .  

GASTON: A l l  I would l i k e  t o  go back and 
a d d r e s s  myself t o  t h e  p a p e r .  On S l i d e  120, 1 wonder if 
we cal l  go back t o  Slid? 123 a g a i n  and j u s t  show i t  f o r  one  
second.  

The q u e s t i o n  I have on i t  i s  t h e  fo l lowing .  I was 
l e f t  w i t h  t h e  u n d e r s t a n d i n g  t h a t  p o s s i b l y  t h e  s p e c i a l  impreg- 
n a t i o n  r e d u c e s  t h e  e f f e c t  o f  t h e  second p l a t e a u ,  or maybe i t  
r e t a r d s  i t .  How many samples  were a c t u a l l y  t e s t e d ,  o r  c o u l d  
i t  b e  an i n d i v i d u a l  d i f f e r e n c e ,  sample t o  sample? 

FObT: Up t o  now t h e  s t a n d a r d  d e v i a t i o n  is v e r y  sig- 
n i f i c a n t  f o r  t h e  e x p l a n a t i o n  of t h e  phenomena. 

Thank you v e r y  much. 
t 

FORD: Thank you, Dr .  F o n t .  

A t  t h i s  time J e r r y  H a l p e r t  w i l l  be  t h e  s e s s i o n  f 

chairman f o r  t h e  d u r a t i o n  o f  t h e  morning s e s s i o n .  J e r r y ?  
r 

HALPERT: T h i s  s e s s i o n  w i l l  d e a l  mainly w i t h  t e s t i n g  
modeling p r e d i c t i o n .  S i n c e  w e  have a number o f  s p e a k e r s  and 

? 
some v e r y  i n t e r e s t i n g  p a p e r s ,  I would l i k e  t o  move r i g h t  on 
and s t a r t  w i t h  J i m  Harkness o f  NAD/Craae, ~ h o  i s  going  to t a l k  1 
b r i e f l y  about  h i s  new au toma t i c  a c q u i s i t i o n  equipment ,  a t  
NADICrane , 

HARKKESS: A y e a r  ago l a s t  September ,  NAD/Ci0ane put 
i n t o  o p e r a t i o n  a new au toma t i c  d a t a  a c q u i s i t i o n  and c o n t r o l  
sys tem known a s  ADAC . T h i s  system was funded by NASA' Goddard 
a t  a b a s i c  c o s t  of $340,000. S i n c e  t h a t  time, we have added 
$200,000 t o  t h e  sys tem.  

Could I have t h e  f i r s t  s l i d e ,  p l ea se?  

T h i s  sys tem was manufactured and pu t  t o g e t h e r  both 
hardware and s o f t w a r e  programming by a company i n  Anaheim, 



C a l i f o r n i a  whose name is D a t n  I n c o r p o r n t e d .  Can w e  g o t  t h e  
l i g h t s  down a l i t t l e  b i t  o n  t h e s e ?  Okay, t h a t ' s  fine. As you 
c a n  B e e ,  we do  have a p r e t t y  shade  o f  b l u e  on it and shown is 
t h e  sys tem and t h o t t s  t h e  d o o r s  t h a t  a r e  on t h e  syatem because  
t h e r e  is n o t  e whole l o t  xo see a s  f a r  a s  p r i n t e d  c i r c u i t  
boa rds  i n s i d e .  

Also shown a r e  a c o u p l a  of t h e  t e l e t y p e s ,  which a r e  
t h e  p e r i p h e r a l  equipment ,  and r i g h t  o v e r  t o  t h e  r i g h t  a l s o ,  
r i g h t  o v e r  h e r e  which you c a n ' t  see v e r y  well, is t h e  CRT, 
and of  c o u r s e  t h e s e  items a r e  u sed  i o r  bo th  i n p u t i n g  o u r  com- 
munica t ing  to  t h e  sys tem and a l s o  f o r  r e p o r t s  t h a t  come o u t  
of t h e  sys t em.  

Next s l i d e ,  p l e a s e .  

( S l i d e  122.)  

T h i s  is a n o t h e r  view.  A s  you c a n  see liere, t h e  CRT 
and t h i s  is t h e  l i n e  p r i n t e r ,  and a c t u a l l y  t h e  l i n e  p r i n t e r  
is about  t e n  times f a s t e r  t h a n  t h e  t e l e t y p e s  we have.  

Next s l i d e .  

( S l i d e  123 , )  

T h i s  is t h e  NASA s t i c k e r  r i g h t  u p  t o p  h e r e .  T h i s  is 
t h e  h e a r t  of t h e  sys tem.  I t  is a H o n e p e l l  316 g e n e r a l  purpose 
minicomputer .  I t  h a s  -- we do have 32K core memory w i t h  the 
sys t em.  Most of t h e  work ng programs of t h e  sys tem a r e  done,  
a r e  l o c a t e d  i n  t h i s  core memory. As you see, w e  a l s o  have two 
magnet ic  t a p e  u n i t s  which t h e  d a t a  is recorded o n ,  

i 

May I have t h e  n e x t  s l i d e ,  p l e a s e ?  i 

( S l i d e  124,)  i i 
5 

T h i s  is a p i c t u r e  o f  t h e  sys tem w i t h  n a t u r a l l y  t h e  
d o o r s  o f f .  A v a i l a b l e  w i t h  t h i s  sya tem is 3,000 d a t a  c h a n n e l s .  
We r e a d  a t  an  accu racy  of one  m i l l i v o l t ,  and t h a t  was des igned  

j 
4. 

i n t o  t h e  sys tem u s i n g  50-foot d a t a  l e a d s .  T h i s  c a n ' t  be  s e e n  i 

very well h e r e ,  b u t  there is a thousand  d a t a  p o i n t s  i n  t h i s  
c a b i n e t ,  and t h e  nex t  two c a b i n e t s  t o  come o v e r  to your  l e f t  

I 
j 

also c o n t a i n  a thousand d a t a  p o i n t s ,  

They a r e  on  p r i n t e d  c i r c u i t  boa rds ,  u s e  t h e  c o n c e p t  
o f  r e a d  r e l a y s ,  and t h e r e  a r e  t e n  c h a n n e l s  p e r  board ,  so you 
have a hundred boa rds  p e r  r a c k ,  and t h e s e  o t h e r  two r a c k s  are  
t h e  same a s  t h i s  o n e .  A s  you c a n  see u p  to t h e  t o p  a r e  t h e  
d i g i t i z e r s  which we u s e  f l u k e s  8300A model. They r e a d  40 chan- 
n e l s  per second .  And t h e  normal s c a n  t h a t  w e  c a n  go th rough 
of t h e  e n t i r e  3,000 c h a n n e l 8  is 2.4 minu te s .  That. is the 





normal s c a n .  Now, t h i s  sys tem is expnndnble  to  5 ,000  c h a n n e l  
p o i n t s ,  and H'C s t i l l  keep  o u r  t ime base of 2 .4  m i w t c s ;  i n  
o t h e r  words,  we go t l a r ~ u g h  e v e r y  d n t n  c h n ~ m e l  t h a t  we hnvo i n  2 
2 . 4  minutes ,  and we c a n  a l s o  c u t  i t  down and r end  them e v e r y  1 
36 seconds .  Not t h a  f u l l  3 ,000  p o i n t s ,  b u t ,  s a y ,  an i n d i v i d u a l  
pack nay be r e a d  f o u r  times w i t h i n  t h a t  2 .4  minute  s c a n ,  if 
we needed to  do t h i s  a s  f a r  a s  a s p e c i a l  test where we d i d  n o t  
want t o  r e v e r s e  t h e  cel ls  or  a n y t h i n g  l i k e  t h i s .  We would E 
r e a d  them s o o n e r .  But normal c y c l i n g  would be 2 .4  minute  s c a n .  

Every time we s c a n  a pack w e  road  t h e  d a t a ,  and i t  is 
pu t  on magnet ic  t a p e  u n i t s .  We have two o f  them here. When 
one gets f u l l ,  i t  n u t o m a t i c a l l y  switches down. p r i n t s  o u t  a 
r e p o r t ,  and i t  goes to  t h e  n e x t  t a p e  deck .  Tha t  way we do n o t  
lose t h e  d a t a .  

I f  bo th  t a p e  decks  would go bad,  would n o t  work, t h e  
system would n o t  s h u t  down because w e  feel i t  would be more 
d e t r i m e n t a l  t o  s h u t  t h e  sys tem down and l e a v e  t h e  pack on open 
c i r c u i t  where t h e y  would be  i n  c h a r g e  and d i s c h a r g e ,  t h a n  it 
would be to  -- we wouldn ' t  mind l o s i n g  a l i t t l e  b i t  of d a t a .  

The d i g i t i x e r s ,  i f  b o t h  o f  them would go o u t  t h e  
system a u t o m a t i c a l l y  goes  down because  we wou ldn ' t  know what 
we wore r e a d i n g ,  we wou ldn ' t  know how t o  c o n t r o l ,  so we would 
want a shutdown on t h a t .  and i t  does. T h e r e f o r e  one  is o n l y  
on a l i n e  and one  is a , b a c k u p .  I f  t h e  one  k i c k s  o f f ,  i t  goes  
t o  t h e  n e x t  o n e ;  i f  i t  kicks o f f ,  t h e  sys t em g o e s  down. 

We a l s o  c o n t r o l  w i t h  t h i s  sy s t em,  which we c a l l  t h e  
d a t a  R c a r d s  which a r e  d i g i t a l  t o  r e s i s t a n c e  c a r d s .  Ench c a r d  
programs a programmable p i l o t  s u p p l y ,  and i t  p u t s  o u t  resist- 
ance  o u t  t h e r e  a s  f a r  a s  where you want ,  you know, how much 
r e s i s t a n c e  you want f o r  c u r r e n t  and how much fo r  v o l t a g e .  

I t  a l s o  h a s  c o n t a c t s  on t h e r e  a s  f a r  a s  f o u r  r e l a y s  
which program o u r  c o n t r o l  u n i t s  which c o n t a i n  t h e  heavy d u t y  i 

r e l a y s  fo r  t h e  cha rge -d i scha rge  c u r r e n t .  T h a t ' s  so you c o u l d n ' t  
p u t  t h o s e  c u r r e n t s  t h rough  t h e s e  c a r d s .  

We sat u p  l i m i t s  on o u r  programs to  $here  we check  
c u r r e n t s  on t h e  pacKs and w e  check  v o l t a g e s  t o  where i f  we 
have marg ina l  and emergency l i m i t s ,  t o  w h e r e  i f  a pack was, 
s a y ,  on d i s c h a r g e  we want t o  know i f  a c e l l  gets down t o ,  say, 
one  v o l t .  Well, m a r g i m l  l i m i t  would come o u t .  

I f  we a l s o  s a y  i t  would j u s t  t e l l  u s  abou t  i t ,  the 
a l a rm is sounded and t h e  t h i n g  is p r i n t e d  o u t  on a t e l e t y p e  
i d e n t i f y i n g  what ,  and so f o r t h .  I f  t h e  emergency l i m i t  would 
happen, s a y  t h e  cell  g o t  to .5 v o l t s  -- and we c o n s i d e r  t h a t  
f a i l u r e  on  a lot o f  t h o  packs ,  t hen  i t  would p r i n t  i t  o u t  and 
t h e  a la rm would be sounded and i t  would s h u t  t h e  pack o f f .  I t  



l h 1 9  would go i n  open c i r c u i t .  

Next s l i d e ,  p l e a s e ,  + 

( S l i d e  125,) 

Okay. These a r e  t h e  c o n t r o l l i n g  u n i t s  I waB t a l k i n g  
about  where each  pnck does  have i ts  i n d i v i d u a l  power supp ly ,  
and t h i s  is l o c a t e d  r i g h t  behind t h e  main sys t em,  

Next s l i d e .  

( S l i d e  126.) 

A l l  t h e  d a t a  c h a n u e l s  come o u t  when we go th rough  
t h e  one  b u i l d i n g  i n t o  a n o t h e r  b s i l d i n g .  T h i s  is o u r  c o n t r o l  
pane l  w e  c a l l .  where each  one  o f  +Qese c a b l e s  t h a t  come i n  
is d a t a  t a i l s .  So  a l l  3,000 c h a n n e l s  a r e  o u t  h e r e  w i r e d ,  and 
a s  we wire u p  t h e  pnck we j u s t  p lug  t h e n  i n  to t h e  main board .  
I t  is l o c a t e d  c e n t r a l l y  o u t  h e r e  where o u r  chambers are. 

And t h e  heavy lea's a r e  t h e  cha rge -d i scha rge  leads 
coming from t h e  power s u p p l y ,  o i d c h  is a n o t h e r  board locrrted 
behind t h j  s one .  

Next s l i d e ,  p l e a s e .  
i : 

( S l i d e  127.)  
4 

And f i n a l l y ,  we come down t o  the b a t t e r y  t y p e s  t h a t  t : 
a r e  i n  t h e  chamber.  % 

Could I have t h e  viewgraph now, p l ease?  

( S l i d e  128 , )  f 

As you know, w e  do  many f l i g h t  p r o j e c t s  o u t  h e r e ,  ; :  
and t h e s e  are some of o u r  o b j e c t i v e s ,  to  e v a l u a t e  them and 
to a s s i s t  t h e  t e c h a i c a l  o f f i c e r s  h e r e  a t  Goddard Space F l i g h t  
C e n t e r ,  

( S l i d e  129 , )  

These a r e  some o f  t h e  f l i g h t  p r o j e c t s  t h a t  a re  now 
running .  AE has j u s t  f i n i s h e d  i ts acceptance t o  u s  and s h o u l d  
be s t a r t i n g  j ts f l i g h t  c y c l i n g  n e x t  week. which is j u s t  kind . . 

o f  r i g h t  b e f o r e  t h e  satellites go up.  I u n d e r s t a n d  t h e y  go r 
i n  Decearber. f 

I 
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FIGURE 129 

OBJECTIVE OF THE SATELLITE 
FLIGHT PROJECTS 

1. Test and evaluate flight cells 

2. Perform pre-and post-flight simulation 

3. Supply supporting data to project offices i 
FIGURE 128 
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IIALPERT: Any q u e s t i o n s  f o r  J i m ?  

U'ERTIIEIU: Max Bertl ieim, Grumman. I see you have 
v o l t a g e  p r o t e c t i o n  a t  two l e v e l s .  110 you have o v e r v o l t a g e  
p r o t e c t i o n ?  

HARKNESS: Yes. We c a n  set uppe r  l i m i t s  o r  lower 
l i m i t s .  

WERTHEIM: The same t h i n g  where you have  a n  alarm? 

HARKNESS: Okay. We r a n t  t o  r u n  a b a t t e r y  pack 
w i t h  a v o l t a g e  number 145. I c a n  set a marg ina l  limit where,  
i f  normal ly  I c o n s u l t  a t e c h n i c a l  o f f i c e r ,  I s a y  okay ,  what 
happens,  when do  you waiit t o  know when an  unba lance  o c c u r s .  
And t h e y  s a y  i f  a ce l l  g e t s  u p  t o  l d 7  w e  would l i k e  t o  know 
abou t  i t .  So w e  pu t  t h e  l i m i t  i n .  Any t i m e  t h a t  ce l l  gets 
u p  t o  1A7 we g e t  a marg ina l  a l a rm o n  i t .  

And we can set t h e  emergency a t  150, or  w e  c a n  set 
i t  a t  t h e  sa,~e p i n t .  I t  a l l  depends.  

WERTHEIY: How about  p r e s s u r e ?  

HARKXESS:  Oh, I f o r g o t  t h a t .  Thailk you. K a t u r a l l y  
i f  t h e r e  a r e  gauges  on  cel ls  t h e  p r e s s u r e s  a r e  r e a d  manual ly .  
Tha t  is one  manual o p e r a t i o n  we d i d n ' t  get away from. We 
t r i e d  to pu t  i n  p r e s s u r e  t r a n s d u c e r s  on a l l  t h e  cel ls ,  t h e r e -  
f o r e  g r e s s u r e s  a r e  r ead  i n  v o l t s .  \Ye do have.  we pu t  i n  
c u r v e s  of  t h a t  p r e s s u c e  t r a n s d u c e r  i n t o  t h e  sys t em.  Then your  
p r e s s u r e  r e a d i n g s  come o u t  i n  er .gineer ing u n i t s  i n  p .s .i . a .  
~ i t h i n  accu racy  of  .1 p . s . i  . a .  

N o w ,  t h i s  a l s o  b r i n g s  a p o i n t  a s  f a r  a s  t e m p e r a t u r e .  
We u s e  t h e r m i s t e r s ,  t h e r e f o r e  o u r  r e a d i n g s  t h e n  a r e  v o l t a g e  
and i t  t a k e s  u p  t h e  c u r v e .  and it r e a d s  t h e m  o u t  i n  e n g i n e e r i n g  
u n i t s  of d e g r e e s  C ,  a ccu racy  o f  .1 d e g r e e s  C .  

WERTHEIJI: How about  o v e r p r e s s u r e  p r o t e c t i o n ?  

HARKKESS:  The same t h i n g .  and t empera tu re  t h e  same 
t h i n g .  We a l s o  have a program i n  t h e r e  we do  have e s s e n t i a l l y  
s i x  t e m p e r a t u r e  chambers ,  and you know i f  a t empera tu re  chamber 
goes  bad you 've got some problems.  So we do have a program 
t h a t  is read e v e r y  h a l f  hour  t h a t  r e a d s  t h e  ambient t e m p e r a t u r e s  
o f  t h e  chambers,  and i f  one  g e t s  out we have t h e  same t y p e  of  
t h i n g .  Of c o u r s e  i t ' s  o n l y  a marg ina l  a l a rm.  I t  c a n ' t  b e  an 
emergency. I t  c a n ' t  s h u t  t h e  chamber doun, Mt  i t  te l ls  t h e  
o p e r a t o r ,  he  goes  o u t  t h e r e  and f i n d s  o u t  w h a t ' s  go ing  on .  

WERTHEIM: A l l  r i g h t .  One o t h e r  q u e s t i o n  I have.  
Do you have au toma t i c  o r b i t a l  t i m i n g  c o l ~ t r o l ,  t h a t  js, c a n  you 



set a c h a r g e  and a  d i s c h a r g e  and have ce l l s  go th rough  all 
au toma t i c  c y c l e  a s  w e l l ?  

HARKMESS: Well, I am assuming -- maybt? f d o n ' t  
f o l low t h e  q u e s t i o n  r i g h t ,  b u t  t h e  c e l l s  a u t o m a t i c a l  ;y c h a r g e  
and d i s c h a r g e  w i t h  t h e  sys tem.  

WERTHEIM: You a r e  s a y i n g  y e s  t o  my q u e s t i o n .  

HARKNESS: Y e s .  Alaybe I d i d n ' t  make t h a t  c l e a r .  
The t h i n g  is t h a t  w e  d o n ' t  have any set  t i m e .  I n  other  words,  
we c a n  start a l l ,  s a y  a l l  90-minute packs  do n o t  have t o  
s t a r t  a t  t h e  same t i m e .  Okay. Each pack h a s  its own t i m e  
b a s e  and c y c l e .  

Don, d i d  you want t o  make a  comment on t h i s ?  

MAINS: X might  c l a r i f y  t h a t  a l i t t l e  b i t .  The com- 
p u t e r  is n o t  o n l y  t h e  c e n t r a l  p r o c e s s o r  bu t  a l s o  t h e  c e n t r a l  
c o n t r o l l e r .  We c a n  i n p u t  a test  p l a n  o f  u p  to  1 2 8  S t e p s  i n  
any  t i m e  l i m i t ,  any sequence  o f  cha rge -d i scha rge  and open 
c i r c u i t .  Tha t  c a n  be  r u n  r e p e a t e d l y  for days  o r  y e a r s  o r  
minu te s .  So we p r e t t y  much have a  comple t e  open p r o g r a m i n g  
c a p a b i l i t y  i n  t h a t  s e n s e .  

HARKNESS: I would l i k e  t o  make one  comment, s i n c e  
w e  a r e  go ing  p r e t t y  f a s t .  I t o l d  you w e  had 32 K o f  core 
memory. We a l s o  have a n  a d d i t i o n a l  131 K mass memory s t o r a g e .  
T h i s  is a drum which I g u e s s  maybe you would have though t  
about  l a t e r ,  because  n a t u r a l l y  w e  have t o  have some p l a c p  
where w e  p u t  t h e s e  pack programs o n .  

Also ,  a s  o f  t h i s  week w e  a r e  r e c e i v i n g  a n o t h e r  drum 
and t w o  magnet ic  t a p e  u n i t s  on  which w e  w i l l  be do ing  o u r  
own d a t a  p r o c e s s i n g  a s  f a r  as c u t t i n g  down, because ,  as you 
c a n  see, i f  we a r e  r e a d i n g  a l l  these d a t a  p o i n t s  e v e r y  2.4 
minu te s  and a l l  t h i s  . d a t a  is reco rded ,  t h a t  we have q u i t e  a  
d a t a  r e d u c t i o n  t h i n g  t o  g o  t h r o u g h .  

HENDEE: Ed Hendee, T e l e s a t .  I assume you u s e  t h e s e  
f o r  s i m u l a t i o n s .  

HARKNESS : Yes. 

HENDEE: I am wondering what t h e  thermal  c o n t r a 1  
sys tem is l i k e ,  how you c o n t r o l  your  t he rma l  r e q u i r e m e n t s .  

HARKNESS: Environmental  changes .  I s  t h i s  what you 
me an? 

HENDEE: I am t a l k i n g  abou t  t h e  l o g i c .  I n  o t h e r  words,  
how do you d r i v e .  -- what is  your  l o g i c ,  a r c  you j u s t  d r i v i n g  
t ! e  b a t t e r i e 8 . b ~  d r i v i n g  t h e  mounting s u r f a c e  to  hive a feed- 



lh22  back  t o  tes t?  

HARKNESS: You a r e  a s k i n g  what is o u r  pack conf  igu-  
r a t i o n ?  

HENDEE: No. I am wondering how you l i t e r a l l y  d r i v e ,  
what is your  c o n t r o l  concep t  f o r  d r i v i n g  t h e  b a t t e r i e s  temper- 
a ture-wise? 

HARKNESS: Temperature-wise? Don, do  you want t o  
comment on t h i s ?  

MAINS: We do no t  t r y  t o  c o n t r o l  t h e  t e m p e r a t u r e  
changes  w i t h  t h e  sys tem.  A t  t h e  time we we?*p deve lop ing  t h e  
sys tem,  t h e  best c o n t r o l  we c o u l d  g e t  was worse t h a n  what 
t h e  chambers c o u l d  c o n t r o l  the ~ o m p e r a t u r e s  t hemse lves .  So 
we d i d  n o t  i n c o r p o r a t e  a  close t h e  l o o p  o p e r a t i o n  on t h e  
envi ronmenta l  changes  i t s e l f  . 

They a r e  set up ,  w e  hand program t h e  chamber w i t h  
t h e  s t a n d a r d  d i s k  t y p e  c o n t r o l l e r ,  o r  w e  normal ly  o p e r a t e  
a t  a  f i x e d  tempera ture .  Ke do n o t  do a c l o s e d  l o o p  o p e r a t i o n  
on chambers .  The e l e c t r i c a l  t e s t i n g  o f  t h e  b a t t e r i e s  is  
c l o s e d  l o o p  w i t h  t h e  s y s t e m .  Environmental  t e m p e r a t u r e s  a r e  
n o t .  

HENDEE: You j u s t  d r i v e  t h e  chambers t o  prede te rmined  
tempera tures?  

MAINS: Thermal c o n t r o l  hand le s  t h i s .  We have e n v i -  
ronmental  chambers w i t h  t h e  b u i l t - i n  c o n t r o l .  The s y s t e m  does  
no t  i n t e r f a c e  t o  t h a t .  A l l  w e  do is mon i to r  t h e  chambers and 
r e c o r d  t h e  ambience and s o  f o r t h .  b'e do n o t  t r y  t o  c o n t r o l  
t h e  chambers w i t h  t h e  s y s t e m .  

HARKNESS: Do you mean t o  t r y  t o  s a y  we a r e  t r y i n g  
t o  k e e p  t h e  pack a t  2 0 ~ ~ 1  

HEKDEE: We have a  test  s e t - u p  a t  T e l e s e c  t h a t  was 
p robab ly  t h e  most d i f f i c u l t  t h i n g  t o  d e s i g n .  t o  be a b l e  t o  go 
o u t  and t o  t r y  f o r  a s i m u l a t i o n ,  t o  t r y  the t empera tu re  o f  t h e  
packs ,  what they would a c t u a l l y  see which i s n '  t n e c e s s a r i l y  
what t h e  mounting s h e l f  t e m p e r a t u r e  is. 

We drove i n  a  c l o s e d  l o o p  s y s t e m  f e e d i n g  back i n .  
Then we g o t  most o f  o u r  memory w i t h  t he rma l  c o n t r o l .  

HARKhZSS: Yes, t h a t ' s  t i g h t .  

BOGNER: Bogner from JPL. Do you p r i n t  o u t  your 
d a t a  on  a time base? 

HARKNESS: We can a s k  f o r  r e p o r t s .  We c a n  g e t  hard- 1 i 
copy  r e p o r t s  a s  t h e  pack is r u n n i n g .  I n  o t h e r  words,  I c a n  go 
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i n  and a s k  for a r e p o r t ,  and 1 will cct i t  r i g h t  when i t  
s c a n s  t h a t  pack .  As f a r  a s  g e t t i n g  t h c  p r i n t o u t s ,  do  you 
mean o f f  t h e  magnet ic  t a p e  when t h e  t a p e  is done -- is 
t h i s  w h a t  you mean? 

BOGNER: Do you r e c o r d  the d a t a  on a  t i m e  base 
s t r i c t l y ?  

HARKNESS: We r e c o r d  t h e  d a t a ,  e v e r y  t i m e  t h a t  pack 
is scanned t h a t  d a t a  is  r e c o r d e d .  Tha t  was b u i l t  i n t o  t h e  
sys tem.  When we rend  t h e  pack ,  w e  check  i t ,  and we have t o  
check  it t o  c o n t r o l  i t ,  so bo th  of t h e m  go hand i n  hand, and 
t h e  d a t a  is reco rded  a t  the same time. 

BOGNER: You c o n s i d e r  t h i s  hav ing  a  p r i n t o u t  based 
on  t h e  Delta lead?  

HARKXESS: Tha t  is b e i n g  i n c o r r o r a t e d  t h i s  week. 
Tha t  program is be ing  pu t  i n  t h i s  week. 

BOGNER: That  w i l l  c u t  down on a  l o t .  

HARKNESS: R i g h t ,  and w e  w i l l  s t i l l  have t h e  capa-  
b i l i t y  t o  r e a d  i t  still  e v e r y  2 .4  m i n u t e s ,  b u t  w e  w i l l  n o t  
r e c o r d  u n l e s s  we do get a  change ,  o r  an  emergency l i m i t  o r  
someth ing  l i k e  t h a t .  

GANDEL: Gandel,  Lockheed. Are i n d i v i d u a l  cel l  
t e m p e r a t u r e s  monitored? 

HARKNESS: Only if r c q u i r e d  by Goddard. Normally,  
i n  a  b a t t e r y  pack w i l l  r e a d  t h e  first c e l l  and t h e  midd le  
c e l l ,  a t  l e a s t  the middle  of t h e  pack we w i l l  r e a d  w i t h  a 
t e m p e r a t u r e  mon i to r ing  t h e i m i s t c  r . 

GANDEL: How close do c e l l  t e m p e r a t u r e s  follow t h e  
chamber temperatures?  

HARKNESS: I f  you a r e  n o t  running  i n t o  any problem 
a s  f a r  as e x c e s s  o f  o v e r c h a r g e ,  or someth ing  l i k e  t h a t ,  
n a t u r a l l y  i t  r u n s  p r e t t y  close.  I wouldn ' t  s a y  t h e y  d i f f e r  
more t h a n  o n e  deg ree  i f  w e  are n o t  having  any problems.  

FORD: I would l i k e  t o  make a  p o i n t  h e r e  i n  c l a r i f y -  
i n g  t h e  q u e s t i o n ,  I t h i n k .  I am n o t  s u r e  y e t  whe the r  he g o t  
h i s  q u e s t i o n  answered.  We mal-e no a t t e m p t  t o  s i m u l a t e  a m i x t u r e  
p r o f i l e  i n  any o f  t h e  c e l l s  t h a t  w e  test .  

HENDEE: The p o i n t  I was r e a l l y  t r y i n g  t o  make is 
you are d r i v i n g  a p l a t e ,  s a y ,  or  your deck t e m p e r a t u r e ,  i f  
your b a t t e r i e s  do because  of your  management want t o  g o  h j g h e r  
you have a r e v e r s e  e f f e c t .  You a re  r e a f f e c t i n g  your  mounting i 



T h i s  is i n  c o n j u n c t i o n  w i t h  NASA and t h e  A i r  Fo rce  
a t  Wr igh t -Pa t t e r son  A i r  F o r c e  Base.  

s u r f a c e  tempera ture -wise ,  so as it is you c a n n o t  t h e r m a l l y  
j u s t  d r i v e  t h e  mounting s u r f a c e .  I n  o t h e r  w o ~ d s ,  what 
would be t h e  deck ,  mounting deck, of t h e  s p a c e c r a f t .  You 
must t h e n ,  if your  b a t t e r i e s  want  t o  go h i g h ,  get a g a i n  to  
qpeed ing  back and chang ing  you r  deck  t e m p e r a t u r e  and you 
hu-ze t o  have a feedback  i n  t h e r e  i f  you want  t o  d o  t h i s .  

My second  q u e s t i o n ,  I g u e s s ,  is r e a l l y  how l o n g  a r e  
your  a v e r a g e ,  would be your  a v e r a g e  test? 

HARKNESS: Oh, I d o n ' t  know. F i v e  y e a r s ,  s e v e n  
y e a r s .  Something l i k e  t h i s ,  maybe t e n  y e a r s .  

HENDEE: I w i l l  t a l k  t o  you l a t e r  o n .  

FORD: The p o i n t  is i n  t h e  l i f e  t e s t i n g ,  p a r t i c u l a r l y  
i n  t h e  project, w e  s i m u l a t e  t h e  e l e c t r i c a l  p r o f i l e  t h a t  is 
p r e d i c t e d  fo r  t h e  p r o j e c t .  Vie a r e  n o t  t e s t i i a g  f l i g h t  u n i t s  
or even  u n i t  package f l i g h t  cells.  We a r e  t e s t i n g  cel ls  a s  
a free component. 

We k e e p  t h e  t he rma l  c o n d i t i o n s  a lmos t  i s o t h e r m a l .  
W e  want  t o  test the b a t t e r y  as you a r e  i n d i c a t i n g  w e  would 
b u i l d  a b a t t e r y  pack ,  p u t  it o n  a d a t a  p l a t e ,  and t h i s  is 
done o n  most p r o j e c t s .  T h i s  is t h e  l i f e  test o f  ce l l s .  To  get 
t h e  d a t a  r e l a t i v e  t o  a t e m p e r a t u r e  v a r i a t i o n ,  w e  go t h e  para -  
metric r o u t e .  We w i l l  b r a c k e t  t h e  t e m p e r a t u r e  w e  a r e  conce rned  
w i t h  and p u t  o n e  i n  t h e  midd le ,  and t h e n  hope t h e  i n f o r m a t i o n  
is s u f f i c i e n t  t o  e x t r a p o l a t e  t h e  r e s u l t s .  J u s t  l i k e  t h a t .  

HENDEE: One comment. You d i d  have s e v e r a l  -- i t  
looked  l i k e  more t h a n  a dozen s e p a r a t e  a p p l i c a t i o n s  u p  t h e r e .  
T h a t ' s  a l l  I want t o  s a y .  

HALPERT: Thank you, Jia. 

D e s p i t e  J i m ' s  p i c t u r e s ,  NASA is moving i n  a fo rward  
d i r e c t i o n ,  and t h i s  w i l l  be shown by o u r  n e x t  s p e a k e r ,  Don 
Mains, who is go ing  t o  t a l k  abou t  t h e  d e s i g n  and p r e l i m i n a r y  
tes t  r e s u l t  from t h e  a c c e l e r a t e d  test program. 

G l i d e  129a.) 
MAINS: Thank you, J e r r y .  

You j u s t  hea rd  t h a t  w e  do  t e s t i n g  f o r  f i v e  t o  t e n  
y e a r s  o n  some of t h e s e .  T h i s  does  g e t  t o  uc a l o n g  w a i t  i f  
you a r e  l o o k i n g  f o r  i n f o r m a t i o n ,  so we have been work ing ,  c v e r  
t h e  p a s t  few y e a r s .  We have had a few p r e l i m i n a r y  r e p o r t s  on 
t h a t .  We are j u s t  abou t  t h e r e  r i g h t  now, and X t hough t  I 
would review a l i t t l e  b i t  o f  t h e  d e s i g n  of t h e  a c c e l e r a t e d  1 

test t h a t  w e  a r e  g e t t i n g  r e a d y  to  set u p  a t  NAD/Crane. 



Ncxt s l i d e .  

( S l i d e  130.) 

The o b j e c t i v e s  of t h e  a c c e l e r a t e d  test a r e ,  o n e ,  
t o  d e v e l o p  a  n o n d e s t r u c t i v e ,  p r e d i c t i v e  i i f e  t e s t ,  where we 
w i l l  e v e n t u a l l y  be able  t o  p r e d i c t  l i f e ,  two, is t o  d e v e l o p  
a s i m p l e  s c r e e n i n g  program t h a t  c a n  be u s e d  by s p a c e c r a f t  
b u i l d e r s  i n  t h e  s e l e c t i o n  and m a t c h i n g  o f  cel ls  f o r  f l i g h t  
bat teries w i t h  a  h i g h  c o n f i d e n c e  i n  t h e  r e l i a b i l i t y  o f  t h e  
b a t t e r i e s  for t h a t  p a r t i c u l a r  t y p e  a n d  l e n g t h  o f  m i s s i o n  f o r  
w h i c h  it is t o  be b u i l t .  

T h i s  means i f  you a r e  w a n t i n g  a  f i v e - y e a r  b a t t e r y  o r  
a  t h r e e - y e a r  b a t t e r y  o r  a  two-year b a t t e r y  you m i g h t  buy o n e  
l o t  of ce l ls  and  h o p e f u l l y  be able t o  s c r e e n  and  come u p  w i t h  
b; ~ e r i e s  t h a t  would  f i t  i n t o  t h e s e  v a r i o u s  c a t e g o r i e s .  

And number t h r e e  is t o  r e d u c e  t h e  test t i m e  t o  a 
v e r y  small p o r t i o n  of t h e  o v e r a l l  l i f e ,  u l t i m a t e l y  less t h a n  
1 p e r c e n t .  And f o u r ,  t o  d e t e r m i n e  t h e  d e g r a d a t i o n  mechanisms 
th rough  e a r l y  removal  o f  cel ls  f rom l i f e  c y c l i n g .  

The program s t a r t e d  o u t  w i t h  a  v e r y  d e t a i l e d  s t u d y  
of t h e  d e s i g n  f a c t o r s  g o i n g  i n t o  t h e  ce l l s ,  t h e  m a n u f a c t u r e  
o f  t h e  ce l l s ,  t h e  a c c u m u l a t i o n  o f  t h e  d a t a  a t  t h e  n i a n u f a c t u r e r .  
T h i s  d a t a  h a s  b e e n  p l a c e d  o n  c o i n p u t e r i z e d  d a t a  s h e e t s ,  so 
t h a t  i t  w i l l  now be keypunched i n t o  c o m p u t e r  f o r m a t .  We w i l l  
t h e n  be a b l e  t o  a n a l y z e  t h e  m a n u f a c t u r e r ' s  d a t a  a l o n g  w i t h  
t h e  baseline d a t a  t h a t  w e  w i l l  be t a k i n g  p r i o r  to  s t a r t i n g  
t h e  test .  

T h i s  is to  g i v e  u s  some i n f o r m a t i o n  as  t o  wha t  t h e  
ce l l s  l o o k  l i k e  when w e  get them from t h e  m a n u f a c t u r e r .  We 
are a l r e a d y  t e a r i n g  t h e  cel ls  down some t h a t  h a v e  n o t  r e c e i v e d  
a n y  c y c l i n g  a t  our  f a c i l i t y ,  and d o i n g  chemical a n a l y s i s  o n  
them. T h i s ,  t h e n .  w i l l  be u s e d  l a t e r  i n  t h e  p o s t c y c l i n g  test  
w h i c h  w i l l ,  a g a i n .  l o o k  a t  w h a t  c h a n g e s  have  o c c u r r e d  i n  t h e  
c h a r a c t e r i s t i c s  o f  t h e  b a t t e r y .  

We w i l l  t h e n  g o  i n t o  t h e  a c c e l e r a t e d  test  i t s e l f ,  
a n d  t h e n ,  as f a i l u r e s  o c c u r ,  t h e  c h e m i c a l  a n a l y s i s  w i l l  be 
performed o n  t h o s e  ce l l s .  We w i l l  be a b l e  t o  t h e n  c o r r e l a t e  
b a c k  t o  wha t  t h e  o r i g i n a l  c e l l  l o o k e d  l i k e ,  w h a t  c h a n g e s  
have  o c c u r r e d .  

\Ye a l s o  h a v e  i n  t h e  program ce l l s  t h a t  w i l l  be removed $ .  

p e r i o d i c a l l y  p r i o r  t o  f a i l u r e ,  h o p e f u l l y .  We h a v e  a t  t h e  I :  

p r e s e n t  time d e s i g n a t e d  t h r e e  ce l l s  t h a t  w i l l  be moved, be 1 

removed a t  o n e - f o u r t h  t h e  e x p e c t e d  l i f e ,  h a l f ,  and t h r e e -  
q u a r t e r s .  

And, l i k e  I s a y ,  t h i s  is e x p e c t e d  l i f e  we a r c  p r e -  
d i c t i n g  b a s e d  o n  i n f o r m a t i o n  t h a t  D r .  L a n d e r s  h a s  s u p p l i e d  to  
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ACCELERATED TEST 

1. Develop non-destructive test 

2. Develop a simple screening test 

3. Reduce test time ( < 1%) 

4. To determine degradation mechanism 
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1 h26 u s  as t o  what the c s p c c t c d  l i f e  is  a t  t h e  v n r i o u s  c o n d i t i o n s .  
I J o l l o a i n g  tlic a c t u a l  l i f e  c y c l i n g  or tile d c ~ e l ~ r a l t ' d  test 
t h e n  w e  w i l l  h a v e  s t a t i s t i c a l  a n a l y s i s  pe r fo rmed  o n  t h e  
t e s t i n g  to  sce what  correlations, what  i n f o r m a t i o n  c a n  b e  
o b t a i n e d ,  what  a c c e l e r a t i o n  r a t e ,  and a n y t h i n g  else t h a t  
m i g h t  b e  i n  t h e  d a t a  i t s e l f .  

T h i s  is s o m e t h i n g  t h a t  a t  t h e  p r e s e n t  time we a r e  
l o o k i n g  a t  s e v e r a l  gaming t e c h n i q u e s .  We h a v e  s t a t i s t i c i a n s  
a t  C r a n e  l o o k i n g  a t  p rograms .  We a l s o  have  a c o n s u l t a n t  con-  
t r a c t  o u t  w i t h  a n o t h e r  group t o  d o  some e v a l u a t i o n  a l o n g  t h i s  
l i n e .  

Next  s l i d e ,  p l e a s e .  

( S l i d e  131.) 

T h i s  is t h e  i n i t i a l ,  o r  t h e  f i n a l  d ra f t  we came up 
w i t h  o n  t h e  f a c t o r s  t o  be p u t  i n t o  t h e  p rogram.  The f i r s t  
f i v e  are e l e c t r i c a l  o r  e n v i r o n m e n t a l :  t h e  t e m p e r a t u r e ,  d e p t h  
o f  d i s c h a r g e ,  c h a r g e  r a t e .  d i s c h a r g e  r a t e ,  and  p e r c e n t  o f  
r e c h a r g e .  The l a s t  t h r e e  a r e  p h y s i c a l  v a r i a b l e s  i n  t h e  c e l l s  
and were p l a c e d  i n  by t h e  m a n u f a c t u r e r ,  and t h i s  i s  t h e  con-  
c e n t r a t i o n  of t h e  p o t a s s i u m  h y d r o x i d e ,  tllc amount o f  p o t a s -  
s i u m  h y d r o x i d e ,  and t h e  p r e c h a r g e  . 

The l e v e l s  a s  i n d i c a t e d  u p  t h e r e  a r e  -- w e  d e c i d e d  
t h a t  f i v e  l e v e l s  would  g i v e  u s  a  p r e t t y  good i n d i c a t i o n  o f  
how t h e  v a r i a b l e s  a f f e c t e d  t h e  l i f e .  The c o n f i g u r a t i o n  t h a t  
w e  came u p ' v ; i t h  is a f a c t o r i a l  composite d e s i g n .  T h i s  
a l l o w s  u s  t o  h a v e  b o t h  t h c  a d v a n t a g e  of t h e  f a c t o r i a l  t e s t  
and be able to come u p  w i t h  a much r e d u c e d  size.  

T h i s  p a r t i c u l a r  t es t  o n l y  i n v o l v e s  86 ba t te r ies .  
They a r e  ei ther f i v e  o r  e i g h t  c e l l s ,  d e p e n d i n g  on  w h e t h e r  
w e  have  t h e  e a r l y  removal  ce l l s  i n  t h e  b a t t e r y  i t s e l f .  
Once t h e s e  l e v e l s  v e r e  d e c i d e d  o n ,  t h e  test was  d e s i g n e d ,  
and  I w i l l  not g o  t h r o u g h  t h e  t o t a l  c o n f i g u r a t i o n ,  b e c a u s e  
86 d i f f e r e n t  t e m p e r a t u r e  d e p t h  o f  d i s c l m r g e  cross c o r r e l a -  
t i o n s  would bc q u i t e  t e d i o u s .  

But  t h e  way t h e  t h i n g  is d e s i g n e d ,  t h e  l e v e l  two 
and  l e v e l  four  were u s e d  i n  a t w o - f a c t o r  f a c t o r i a l  d e s i g n .  
And t h e n  b a s e d  o n  s t a t i s t i c a l  a p p r o a c h e s ,  t h e y  t h o u g h t  we 
c o u l d  g e t  b y  w i t h  o n e - q u a r t e r  r c p r e s c n t a t i o n ,  so t h a t  we 
h a v e  a c t u a l l y  i n  t h a t  a r e a  o n e - f o u r t h  o f  what  would  be a 
t w o  to  t h e  e i g h t  f a c t o r i a l  t es t .  

The o t h e r  is t h e  s t a r  p o i n t  and  c e n t e r  p o i n t .  These 
a r e  to a l l o w  t h e  s t a t i s t i c i a n  t o  e s t e n d  and  to e x t r a p o l a t e  
t h e  r e s u l t s ,  and  t h e s e  u s e  l e v e l s  o n e ,  t h r e c ,  and f i v c ,  
t h r e c  b e i n g  t h e  c e n t e r  p o i n t  l e v e l .  Each o f  t h e  sther l e v e l s  
t h e n  n r o  cross c o r r e l a t e d  t o  t h a t .  



11127 A f t e r  we got  t h c  d e s i g n ,  and b c f o r e  we a c t u a l l y  
put. n t es t  on .  w c  1 . c \ r . c b i ~ c t f  soi:ic cc?l Is t l ~ c b n .  K c  tlcciric:d i t  
w o u l d  p robably  be saie  i , f  \\.c \rcl-ulcl do soaw c v i ~ l ~ i i t i o t ~  t o  
de t e rmine  sumo o f  t h e s e  e f f e c t s ,  because  some o f  them looked 
p w t t y  f a r  o u t  and we w e r e n ' t  sure t h n t  t h e y  would work, 
and we d i d n ' t  want t o  s t a r t  out w i t h  n tes t  and come up  
w i t h  a f a i l u r e  t h n t  we knew was going  t o  happen r i g h t  o f f .  

So we pickcd  o u t  some of  t h o  more severe c o n d i t i o n s  
t o  de t e rmine  t h a t  t empera tu re  o r  p r e s s u r e  would n o t  be  t h e  
prime f a i l u r e  mode, because w e  f c l t  t h a t  there were c e r t a i n  
c o n d i t i o n s  h e r e  where we c o u l d  blow t h o  b a t t e r i e s  up i n  a 
m a t t e r  of a few days  to a few weeks.  We d i d n ' t  want t h i s  
t o  happen. 

So t h e  nex t  s l i d e  is t h e  f i r s t  c o n d i t i o n .  

( S l i d e  132 . )  

We took  60  p e r c e n t  dep th  of d i s c h a r g e ,  170 p e r c e n t  
recharge a t  20°C, and r? cha rge  r a t e  o f  C and a d i scharge  r a t e  
o f  2 C .  The number o f  c y c l e s ,  w e  rai l  20 cycles, m a i n l y  look-  
i n g  a t  t h e  tcmpei*atui*e and p r e s s u r e  t o  de t e rmine  how they  
were behaving .  And i n  t h i s  p a r t i c u l a r  example you c a n  see 
t h a t  t h e y  a r e  e i t h e r  leveling o u t  o r  shou ing  a d e c r e a s i n g  
e f f e c t .  So we a r e  n o t  go ing  t o  run  i n t o  t he rma l  run-away 
problems o r  ex t r eme ly  h igh  pressures. 

Next s l i d e ,  p l e a s e .  

( S l i d e  1 3 3 . j  

T h i s  was t h e  nex t  c o n d i t i o n .  S i x t y  p e r c e n t ,  60 pe r -  
c e n t  dep th  o f  d i s c h a r g e ,  170 p e r c e n t  r e c h a r g e  a t  20°C, w i t h  a 
2 C d i s c h a r g e  r a t e ,  and t h i s  time a 4 C charge  r a t e ,  And, 
as you can see, t h i s  is o n l y  two c y c l e s :  c - c l e  2 1  and 22.  

We went i n t o  an o v e r p r e s s u r e  c o n d i t i o n  and termi- 
n a t e d  b o t h  tests p r i o r  t o  t h e  end of t h e  c h a r g e  p e r i o d .  As 
you c a n  s G e ,  bo th  t h e  tcmpern ture  and p r e s s u r e  were i n c r e a s -  
i n g  on  bo th  c y c l e s .  Kc determined  t h e n  t h a t  t h i  s c o n d i t i o n  
would no t  perform s a t i s f a c t o r i l y .  

I t  t u r n s  o u t  t h a t  t h i s  was no t  one of  t h e  c o n d i t i o t t s  
i n  t h e  m a t r i x .  We were hoping we c o u l d  c v a l - u a t e  a l l  o f  o u r  
combina t ions  a t  200C . 

The n e x t  s l i d e ,  p l tx j se .  

( S l i d e  134.)  

The a c t u a l  c o n d i t i o n  t h a t  wo would be running is 
a t  40°C, so w e  moved t h o  pack u p  t o  t h a t  temperature and 
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11128 pcrfoi*med t h o  cvc l i n g  t h c r e  . Tho I c m p i - r n t u r e s  and p r e s s u r e  
tli t l  I(*vc'l ou t t ltc 1 - c - .  : I I I ~ ~  clpc*rn l i ons n;1!?1.;11.c\cl  to  1w \.cry 
s t .  So wc c y ~ l c c l  l o r  abouL SBVCII  c y c l e s .  'Tllinys ~cl't? 
s e t t l i n g  down. The o~ic n o t i c c a b l e  d r o p  t h e r e  is d u e  t o  a 
t c m p c l a a t u r c  dec  r c a s e  o n  o u r  chamber ,  s o  t h i s  is a n  i i i d i c a  t i 0 1 1  
o f  wha t  e f f e c t  t h e  t e l n p e r n t u r c  does ~ I A V C  011 t h e s e  p a r t i c u l a r  
p a c k s  . 

S e x t  s l i d e ,  p l e a s e .  

This o n e  i s  ct h!)..~, 140 p c r c o l t  r e c h r t r g c  a t  40°C , 
Because  t h e  p r c s s u r e  had n o t  t o t a l l y  s t a b 1 i z t . d  o u t  on  t h e  
otlier one. n e  d e c i d c d  t o  d e c r e a s e  t h e  p e r c e n t  o f  r e c h a r g e  
t o  140 p e i * c c ~ t  . 'She p e r f  ormancc  a n s  gr 'ca t  l y  irnpi-oved and  
o p e r n t i o n s  p r o c e e d e d  f o r  a b o u t  30 c y c l e s  w e  were g e t t i n g  
good l e v e l  o p e r a t i o n s .  

( s l ide  l35a, ) 
So t h e n  we moved o n  t o  o u r  n e x t  c o n d i t i o n .  T h i s  o n e  

w a s  a t  a r a i n  GO pc i l cen t  d e p t h  140 p e r c e n t  r c c h e i * q e ,  40°c 
wi tll  a n  8 C d i s c h a l * g c  and a  1 C charge i-nte.  A g a i n ,  t h e  
o p c r a t i o n  h e w  apyeascd  t o  be p r e t t y  good. T h e  t cmper ' a tu re  -- t h i s  i s  a t  400 -- a s  you c a n  see, t h e  t e m p e r a t u r e s  a r e  
r u n n i n g  anywhere from nbou t  5 t o  10 deg i*ees  above  the n h i e n t .  
So a t  t h i s  time we c h a n g e d  p l a t e  s i z c  o n  t h e  s u r i ' a c c  a r e a  of 
the p l a t e s .  

We had been  r u n n i n g  w i t h  d o u b l e  s i zc  p l a + e s .  We 
wcnt  t o  p l a t e s  t h a t  were t h r e e  times t h e  s u r f a c e  a r e a  o f  a 
c e l l ,  and perfol*aiance a p p e a r e d  t o  be clropping b a c k  d o ~ n  
p r e s s u r e  and t e m p e r a t u r e  s t a r t e d  b a c ~  down. So we went  b a c k  
t , hen  t o  thc 200 t es t .  

Next  s l i d e .  

( S l i d e  1 3 6 . )  

Because  ae  h a v e  c h a n g e d  t h e  pc i*cen t  o f  r e c h a r g e ,  
we wcnt  b a c k  t o  t h e  200C and r c r a n  t h e  f i r s t  tcs t  t h a t  w e  had 
p e r f o r m e d .  I t  s t i l l  o p e r a t e d  s a t i s f a c t o r i l y  t h e r e ,  and  we 
were p r e t t y  well wha t  n c  t h o u g h t  would b e  a l l  t h e  t e s t i n g  a e  
would do ,  bu t  t h e n  we a l s o  n o t i c c d  we had o n e  t e n l p c r a t u r e  t h a t  
was  h i g h .  

( ~ i i d c  1363. ) 
On t h e  n e x t  s l i d e  w e  have t h e  n e r f o r m a n c c  a t  60 per- 

c e n t ,  140 p e r c e n t  rcclwbq a t  6 0 ° C ,  a t  2 C di : ;c !~argc  and 1 C 
c l i a r g c  r a t e .  And lrcrc ag,.:\itl t h e  c o n c e r n  was t h a t  
140 p c r c e n t  would  b e  s u f f i c ~ c n t  t o  r e c h a r g e  the b a t t e r y ,  a n d  
t c m p o r a t u r e s  and pressures sccnied to  b e  f a i r l y  s t a b l e .  



1 I 
CI x 81fil3 * 
cz S O  7 . ,d ?1(c 

FIGURE 136A FIGURE !3SA 

FIGURE 135 



\Ye were operating r i g h t  a r o u n d  G O 0 .  P r e s s u r e s  a r e  
a  l i t t l e  b i t  hi::li, b u t  t h e y  tcnt l  t o  rc.maili s t a b l e .  S o ,  a g a i n ,  
we thougill; t h i s  c o n d i t i o n  was f a i r l y  s a t i s f a c t o r y .  

Next s l i d e .  

( S l i d e  1 3 7 . )  

Bccause  we had a l r e a d y  a d j u s t e d  o u r  c e n t e r  p o i n t  p r e -  
c h a r g e  down, we t h e n  t r i e d  t o  d e t e r m i n e  n h a  t t h e  u p p e r  pre- 
c h a r g e  i tou ld  be, o u r  nrasirnum, o u r  f i v e - l e v e l  p r e c h a r g e  -- or  
p e r c e n t  o f  r e c h a r g e  would  b e .  And o n  t h i s  p a r t i c u l a r  t e s t ,  
\se i n c r e a s e d  i t  t o  170 p e r c e n t .  The p c r f o ~ m a n c e  a g a i n  w a s  
s t a b l e .  

Next s l i d e .  

( S l i d e  1 3 8 . )  

I n  t h e  n e x t  s l i d e  we w e n t  t o  200 p e r c e n t  
We a r e  showing  soine h i g h e r  p r e s s u r e s  l i e r e ,  and a g a i n ,  some 
h i g h e r  t e m p e r a t u r e ,  b u t  t h e  o p e r a t i o n  o v e r a l l  is t e n d i n g  to  
b e  f a i r l y  s t a b l e  s o  we f e e l  t h a t  we c a n  o p e r a t e  a t  t h i s  l e v e l .  
We have Lo g e t  t h e  p e r c e n t  of r e c h a r g e  u p  h i g h  enough s o  t h a t  
tve c a n  see any e f f e c t s  i t  migh t  c a u s e .  I f  w e  o p e r a t e  t o o  low, 
t h e n  w e  c a n ' t  have  a n y  i n f o r m a t i o n ,  t h a t  is ,  t o  wha t  e f f e c t  
i t  would have  

( s l i d e  138a. ) 
F o l l o w i n g  a l l  o f  ~ h c s e  tests, we had c n e  ~101-e c h e c k  

t h a t  w e  made. T h i s  was a t  110 p e r c e n t  a t  4 O W .  T h i s  was  o u r  
low l i t n i t ,  and se f e l t  f a i r l y  c o n f i d e n t  thnt i t  would  work ,  
but a g a i n ,  kno\ving ho~v n i c k e l  cadlniuin c e l l s  a r e ?  we d i d n ' t  
wan t  t o  t a k e  a  c h a n c e  and s a y ,  w e l l ,  i t  j u s t  a b s o l u t e l y  w i l l  
r u n  t h e r e .  

So we ran  i t  f o r  a b o u t  5 0  c y c l e s .  E v e r y t h i n g  was  
p r e t t y  w e l l  s t a b l e :  ' t h e  t e m p e r a t u r e ,  t h e  p r e s s u r e s  were down, 
and t h e  b a t t e r y  p e r f o r m a n c e  was o p e r a t i  ng  p r e t t y  well . S o  
we f e e l  t h n t  t h i s  c o n d i  t i o n  w i l l  a l s o  o p e y a t e  s a t i s f a c t o r i l y .  

Next s l i d e .  

F o l l o w i n g  t h i s  t e s t ,  w e  had - -  w e  have  a s l i d e  o u t  
of  s e q u e n c e ,  Oh, w a i t  a m i n u t e .  IIe d o e s n ' t  have  t h e  s l i d e .  
Okay. B u t  a f t e r  this test was c o m p l e t e d ,  w e  had two ce l l s  
t h a t  we had been  wor l i ing  w i t h .  We d i d n ' t  f e e l  we want  t o  p u t  
theill i n t o  t h e  r e g u l a r  c o n f i g u r a t i o n ,  s o  we ti;ol: s t a r t e d  them 
o n  what we a  l i f e  c y c l e ,  t h e  c o n d i t i o r w  b e i n g  60 p e r c e n t  
d e p t h  of  d i s c h a r g e .  140 p e r c e n t  r e c h a r g e ,  and  40°C, and  a 
2 C d i s c h a r g e  and  1 C charge r a t e .  



The  a n t i c i p a t e d  l i f e  is a r o u n d  a  t h o u s a n d  c y c l e s ,  
a l ~ d  a t  the mom6nt we lmve cor:lpletccl 700 n d d i t i o ~ l a l  c y c l e s  
a t  t h i s  cundi  t i o n .  A ~ i d  t h e  pel'i'orrt!nnce r i g h t  nois a p p e a r s  to 
b e  d o i n g  p r e t t y  good. We h a v e  a n  end  o f  d i s c h a r g e  v o l t p q e  of 
a b o u t  1.7 v o l t s ,  end o f  c h a r g e  v o l t a g e  o f  a r o u n d  1.51, and  
p r e s s u r e s  i n  t h e  v i c i n i t y  o f  70 t o  SO pounds .  S o  i t  seems 
t o  b e  o p e r a t i n g  p r e t t y  w e l l .  

( S l i d e  139.) 
T h i s  is now t h e  r e v i s e d  v e r s i o n  of t h e  t e x t  m a t r i x ,  

t h a t  vie w i l l  b e  i m p l e m e n t i n g  a t  C r a n e ,  a n d ,  a s  I h a v e . ' i n d i -  
c a t e d ,  t h e  f a c t o r i a l  l e v e l  w i l l  be d e t e r m i n e d  when t h e  
l o t  two ce l l s  come i n .  B e c a u s e  of t h e  expe l i se  o f  t h i s ,  w e  
had t o  g o  to  two l o t s  of cells.. 

Next s l i d e ,  please. 

( S l i d e  140. )  

T h i s  is o u r  t i m e  s c h e d u l e  a s  t o  when we hope t o  
h a v e  t h e  tests on  and  i n  o p e r a t i o ; l .  Ne a r e  a l r e a d y  underway 
i n  f a b r i c a t i n g  t h e  p a c k s  now t h a t  d e t e r m i n e  t h e  s ize  p l a t e  %e 
f e e l  we n e e d .  Each ce l l  w i l l  h a v e  t e m p e r a t u r e  m o n i t o r i n g  
a g a i n s t  t h e  c e l l  s c a n  i t s e l f .  

N ' i th in  t h e  n e x t  few weeks  we w i l l  h a v e  c o m p l e t e d  
our  b a s e l i n e  test and be s t a r t i n g  i n t o  t h e  c y c l i n g  c o n d i t i o n s .  
And h o p e f u l l y  t h e n ,  ma.ybe n e x t  y e a r  w e  c a n  come u p  h e r e  and  
g i v e  you some a n s w e r s  o n  a c c e l e r a t e d  t e s t i n g ?  wha t  is a  good 
test o r  a bad t e s t ,  a t  least  g i v e  you soltle a d d i t i o n a l  i n f o r -  
m a t i o n  of t h a t  t y p e .  

Thank y o u .  

GANDEL: I n  l o o k i n g  a t  y o u r  v a r i a b l e s ,  i t  seems 
t h a t  a l l  of them e x c e p t  o n e  you seem t o  s p a n  r e a s o n a b l e  
r a n g e s .  e s p e c t e d  r a n g e s  o f  o p e r a t i o n .  But  i n  t e m p e r a t u r e ,  
w o r k i n g  f r o m  y o u r  20. to 60, you a r e  v o r k i n g  a b o v e  t h e  r ange  
most o f  u s  a r e  p l a n n i n g  011 u s i n g .  So, \then you a r e  a l l  
t h r o u g h  and you b e g i n  a n a l y z i n g  t h e  d a t a ,  t h e n  you w o n ' t  be 
a b l e  t o  h a v e  t e m p e r a t u r e  d r o p p i n g  o u t  o f  y o u r  real  v a r i a b l e s .  

Now.  i f  you h a d ,  i f  you skewed t h e  t e m p e r a t u r e  and  
maybe g o  minus  20 and maybe s t o p  a t  p l u s  30, b e c a u s e  I d o n ' t  
t h i n k  r e a s o n a b l y  you would  wan t  t o  d e s i g n  a s y s t e m  a b o v e  3 0 ,  
t h e n  i n  e x e r c i s i n g  t h e  o t h e r  v a r i a b l e s  you m i g h t  come b a c k  
and  end  u p  w i t h  y o u r  t e m p e r a t u r e  d a t a  g i v i n g  you s o m e t h i n g  
m e a n i n g f u l .  

I u n d e r s t a n d  y o u r  t e m p e r a t u r e  is t h e  b i g g e s t  d r i v e r  
i n  s e t t i n g  u p  m x e l e r a t c d  tests; maybe you c o u l d  still  throw 
o n e  t e m p e r a t u r e  a t  n low e n d ,  and maybe t h a t  w i l l  make eveky- 
t h i n g  l a s t  f o r  t e n  y e a r s .  But  s t i l l ,  i t  m i g h t  b a l a n c e  i t .  
Have 1 made myse l f  c l e a r ?  
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l h 3 1  hlAINS: Yes. T h i s  was  o n c  problem t h a t  we had when 
wc first sc t  u p  t h e  t c s t ,  t h a t  wn!i t o ,  1'il.st of n l  1, s e t  i t  
u p  i n t o  the n o r ~ a a l  operating r a n g e s  alid get l i f e .  Nhat  we 
a r e  t r y i n g  t o  d o  h e r e  is t o  a c c e l e r a t e  t h i s  to  n v e r y  extreme 
c o n d i t i o n ,  and we f e l t  t h a t  h i g h  t e m p e r a t u r e  w a s  o n e  o f  t h e  
c o n d i t i o n s  t h a t  we wanted  to  g o  t o .  

I n  answer  t o  b e i n g  a b l e  t o  come b a c k  to  r e a l  t i m e  
d a t a ,  w e  have  a h a t  w e  c a l l  a  normal  test t h a t  w i l l  b e  f o l l o w -  
i n g  t h i s ,  o p e r a t i n g  a t  0 and 200C o f  t h e  same t y p e  c e l l s  and 
t h a t .  so w e  h o p e f u l l y  w i l l  b e  a b l e  t o  c o r r e l a t e  b a c k  i n t o  -- 
t h o s e  w i l l  l a s t  t e n  y e a r s ,  t o  sliov; t e n .  y e a r s '  p e r f o r m a n c e .  

But  we a r e  h o p i n g  t h a t  t h i s  60-degree  w i l l  g i v e  u s  
a n  i d e a  t h a t  i f  you buy a  l o t  o f  c e l l s .  and you wan t  to f i n d  , 

o u t  a r e  t h e y  good or  b a d ,  you c a n  d o  i t  i n  a  u e e k ' s  t i m e  
w i t h  s o m e t h i n g  l i k e  t h i s .  Run them a t  60 d e g r e e s , .  l o o k  a t  
y o u r  i n f o r m a t i o n ,  a p p l y  t h e  s t a t i s t i c a l  m a n i p u l a t i o n s  t h a t  
a r e  needed o n  t h e  d a t a ,  and  p r e d i c t  o u t  a t  20°C or  a t  O°C I 
am g o i n g  t o  have  10, 1 5 ,  20  y e a r s *  l i f e .  

But  we t h o u g h t  w e  had t o  go t o  t h e  h i g h e r  t empera -  
t u r e ,  b e c a u s e  t h i s  is o n e  of t h e  g r e a t e s t  a c c e l e r a t i n g  f a c t o &  
t h a t  we c o u l d  see. 

FONT: You h a v e  t e s t e d  h i g h  t e m p e r a t u r e s  b u t  i n  
d i f f e r e n t  p r o j e c t s  you c a n  d e s i g n  t h a t  c e l l .  A t  low tempera-  
t u r e  w e  c a n  meet t h i s  s p e c i f i c a t i o n .  I c a n ,  I am q u i t e  s u r e ,  
s o  I would  l i k e  t o  know how you c o n c i l i a t e  t h e s e  two t h i n g s .  ! i 

MAINS: I d i d n ' t  q u i t e  c a t c h  y o u r  q u e s t i o n .  

FONT: You c a n  h a v e  c e l l s  t h a t  you d e s i g n  f o r  low 
t e m p e r a t u r e  o p e r a t i o n  f o r  l o n g  l i f e .  So p e r h a p s  you w i l l  
d e s i g n  t h e s e  c e l l s  w i t h  low t e m p e r a t u r e .  I f  you tes t  t h e s e  
c e l l s  a t  h i g h  t e m p e r a t u r e s ,  40°C, a s  you have  a  low c h a r g e ,  
t h e  p e r f o r m a n c e  w i l l  be less t h a n  i t  would b e  d e s i g n e d  for 
h i  gh  t emper  a t  u  re . 

How d o  you make t h e  c o r r e l a t i o n  be tween  t h e  q u a l i t y  
o f  t h e  ce l l s  a t  h i g h  t e m p e r a t u r e  and q u a l i t y  o f  t h e  ce l l s  
f o r  low t e m p e r a t u r e  a p p l i c a t i o n ?  

AIAINS: T h i s  is o n e  r e a s o n  we i n t r o d u c e d  t h e  t h r e e  
p h y s i c a l  v a r i a b l e s  i n  t h e  c e l l ,  t o  t r y  t o  d e t e r m i n e  t h e  e f f e c t  
o f  p r e c h a r g e ,  t h e  amount o f  e l e c t r o l y t e ,  alid t h e  c o n c e n t r a t i o n  
o f  e l e c t r o l y t e  o n  t h e  c e l l .  Now o f  c o u r s e ,  t h i s  d o e s n ' t  s a y  
t h a t ,  o k a y ,  i f  you s p c c i f  i c a l l y  d e s i g n  . f o r  low t e m p e r a t u r e  
how w i l l  i t  o p e r a t e  a t  h i g h  t e m p e r a t u r e .  

FONT: What is t h e  r a n g e  o f  r e c h a r g e  t h a t  you h a v e ,  
b e c a u s e  i t  seems t o  b e  v e r y  close? You h a v e  a  maximum o f  3.3.  
What is t h c  mnximum p r c c h a r g i n g ,  t h e  c a p a b i l i t y  on  p r e c h a r g -  
i n g  t h e s e  c e l l s ' ?  What is t h e  e x c e s s ?  

MAINS: T h e s e  a r e  6 ampere-hour ce l ls .  



FOXr: So 3.3 r e p ~ * c s c n t s  a h a t  p e r c e n t  o f  t h i s  
esccss -- SO pcl*cent?  

BIAINS: I am n o t  c e r t a i n .  

FORD: % h a t  h e  is a s k i n g  is a h a t  is  t h e  t o t a l  negn- 
t i v e  c apac i t y  of t h e  ce l l .  

FONT: I f  you e x p r e s s  the p e r c e n t a g e  of y o u r  excess, 
what  is y o u r  range? 

IIENNIGAN: I t  is a b o u t  13 ampere h o d r s .  

LURIE: I t h i n k  t h e  \\:hole q u e s t i o n  cf t h e  l e v e l s  of 
v a r i a b l e s  is a  v e r y  t r i c k y  o n e  f rom t h e  p o i n t  o f  view of 
d o i n g  n u s e f u l  e x p e r i m e n t .  Because  o b v i o u s l y  Prom t h e  e x p e r -  
i m e n t a l  d e s i g n  t h n t  is c h o s r ~ n  t h e y  i n t e n d  t o  come u p  wit11 a  
series o f  r e g r e s s i o n  e q u a t i o i ~ s ,  w h i c ! ~  a r e  g o i n g  t o  b i n d  t h e s e  
v a r i a b l e s  t o g e t h e r .  

And u n l e s s  y o u r  v a r i a b l e s  e x t e n d  a  l i t t l e  b i t  beyond 
t h e  u s e f u l  r a n g e  a t  b o t h  e n d s ,  you a r c  i n  d a n g e r  o f  g e t t i n g  a 
r e g r e s s i o n  e x p a n s i o n ,  a h i c h  is n o t  r e a l l y  g o i n g  t o  b e  v a l i d  
r i g h t  a t  t h e  v e r y  e n d .  

So I t h i n k  most  s t a t i s t i c i a n s  will t e l l  you t h e y  
would  l i k e  t o  s e e ,  i n  a f i v e  l e v e l  e x p e r i m e n t  l i k e  t h i s ,  t h e  
two e x t r e m e  e n d s  of t h e  v a r i a b l e  r a n g e .  p e r h a p :  push  f a i r l y  
h a r d  a g a i n s t  a h a t  you t h i n k  y o u r  u s e f u l  r a n g e  is i n  o r d e r  t o  
g e t  t h e  maximum v e l i a b i l i t y  -- rnaxin~\lin r e l i a b i l i t y  i n  t h e  
r e g r e s s i o n  e x p r e s s i o n s ,  ~ h i c h  a r e  i n  f a c t  t h e  n e t  r e s u l t s  o f  
t h i s  w h o l e  p rogram.  

SlAIKS: A s  I u n d e r s t a n d  i t ,  t h i s  is p r e t t y  much 
w h a t  t h e s e  l e v e l s  a r e  d o i n g ,  t h e s e  p h y s i c a l  l e v e l s .  

LURIE: T h a t  i s  n o t  o n l y  c o r r e c t ,  I t h i n k  i t ' s  
a b s o l u t e l y  n e c e s s a r y  e s p e c i a l l y  b e c a u s e  you a r e  g o i n g  t o  a 
f r a c t i o n a l  d e s i g n .  And when you g o  t o  n f r a c t i o n a l ,  a  q u a r t e r  
d e s i g n  l i k e  t h a t ,  y o u r  a b i l i t y  t o  s t a t e  t h n t  t h i s  is a 
correct  r e g r e s s i o n  e x p r e s s i o n ,  i t  j u s t  becomes more -- a s  t h e  
f r a c t i o n  g e t s  s m a l l e r  and s m a l l e r  i t  becomes more and  more 
d i f f i c u l t  t o  t a l k  a b o u t  t h e  s t a t i s t i c a l  r e l i a b i l i t y  of y o u r  
r e g r e s s i o n .  

BIAINS: Yes. 

IIARSCII: H a r s c h ,  Eagle  P i c h e r .  I wan t  to s a y  o n e  
more t h i n g  a b o u t  t!le t e m p e r a t u r e .  I t h i n k  most o f  u s  t h a t  have  
t r i e d  t o  s e t  u p  a c c e l e r a t e d  t e s t  p rograms  have  u s e d  t empera -  
t u r e .  I t h i n k  e v e r y b o d y  tc l ;ds  t o  w a ~ t  t o  go to tva rds  t h o  h i g h  
i n n e r  t e m p e r a t u r e .  I t  h a s  b e e n  my e x p c r i c n c e ,  u h a t  h a p p e n s  



S o  when you g o  t o  a n a l y z c  t h e  d a t a ,  you a r e  n o t  
r e a l l y  s e e i n g  t r u e  c o n d i t i o n s .  You a r e  s e e i n g  t h c  e f f e c t s  
of t e m p e r a t u r e  r a t h e r  t h a u  t h e  e f f e c t s  of a n y  o t h e r  v a r i a b l e  
you p u t  i n t o  i t .  

, JIAIKS: The t e s t  t h a t  ac  o u t  l i n e d  h e r e  o n l y  c o v e r e d  
a  s m a l l  p o r t i o n  of i t .  T h e r e  w i l l  be a  c o n s i d e r a b l e  amount 
of t e s t i n g  a t  t h e  o t h e r  t e m p e r a t u r e s  w i t h  cross c o r r e l a t i o n  
o f  t h e  o t h e r  p a r a m e t e r s ,  so t h a t  hopefully not; o n l y  tempera-  
t u r e  b u t  d e p t h  of d i s c h a r g e .  r e c l t a r q e  r a t e ,  discharge r a t e ,  
a 1 1  t h e s e  v i l l  b c  c o r r c l a t a b l e  011 o u r  two l e v e l  e f f e c t .  

HARSCII: I am t a l k i n g  p r i m a r i l y  a b o u t  t h e  test 
m a t r i x  you showed h e r e .  A l l  o f  y o u r  t e m p e r a t u r e s  a r e  a t  t h e  
a r e  a t  t h e  h i g h  e n d .  so I v u u l d  s a y  t h a t  t h e  o n l y  d a t a  t h a t  
we c o u l d  h o l d  o n  t o  would  be t h e  tes ts  r u n  a t  20°C. From 
t h e r e  o n  u p  i t  is g o i n g  t o  be s h a d o r e r e d  by t e m p e r a t u r e .  

MAISS: As f a r  35 d i r e c t  c o r r e l a t i o n  t o  u s e f u l n e s s ,  
y e s .  T h i s  is an a r e a  v e  L . < I I  i n t o ,  n g n i n  t r y i n g  t o  l o o k  a t  
a c c e l e r a t e d  and t o  l o o k  a t  u s e f u l  tests.  We d i d n ' t  wan t  t h e  
tests to  r u n  f i v e  t o  t e n  y e a r s ,  b e c a u s e  t h a t ' s  what  wc h a v e  
now. We've got t o  g e t  s o m e t h i n g  tha i :  n i l 1  k i l l  i t  o f f  q u i c k ,  
b u t  w i l l  k i l l  i t  o f f  i n  a mode t h a t  w i l l  be s i m i l a r  t o  wha t  
we n o r m a l l y  e x p e c t .  

L i k e  I s a i d ,  when %e f i r s t  s t a r t e d  w e  d i d n ' t  w a n t  
t o  blow t h e  c e l l s  u p ,  w h i c h  w e  c o u l d  d o .  

HARSCH: A s  a n i a n u f a c t u r e r ,  i t ' s  v e r y  bad when you 
r u n  a test l i k e  t h i s ,  and t h e n  come back a n d  t e l l  u s  y o u r  
c e l l  i s n ' t  g o i n g  t o  make t e n  y e a r s  b e c a u s e  you t e s t e d  i t  a t  
60°C. 

MAINS: I d o n ' t  e x p e c t  some o f  t h e s e  t o  l a s t  more 
t h a n  two o r  t h r e e  months .  

HARSCH: R i g h t .  But  you a r c  g o i n g  t o  p r e d i c t .  

MAINS: H o p e f u l l y  t h e n ,  w i t h  a l l  t h e  t e s t i n g  and w i t h  
t h e  norrnal sets w e  w i l l  h a v e  i n  t h e r e  t o  c o r r e l a t e  b a c k  wha t  
a c t u a l  2 0 - y e a r  l i f e  is o r  10-yea r  l i f e  is  o n  t h i s  p a r t i c u l a r  
c e l l .  

IIARSCII: I j u s t  w a n t e d  t o  make t h e  p o i n t .  P e r h a p s  
i f  you see t h e  w h o l e  m a t r i x  i t  migh t  l o o k  different . 

SIIULJIAN: J o e  Shulmnn,  P a c e  C e n t e r  S y s t c m s .  1 
would l i k e  t o  u n d e r s t a n d  how you a r e  d i v i d i n g  u p  g r o u p s  o f  



ce l l s .  D o  you d i v i d e  u p  i n t o  f i v e  g r o u p s ,  o n e  g r o u p  fo r  
e a c h  o m  of your :o lu~nns  -- liow a r c  you d i v i d i n g  i t  up? 

HAINS: Like f s a i d ,  i t  was  86 p a c k s  i n  t h e  test.  
You have  t o  r e a l l y  see t h e  w h o l e  m a t r i c  t o  u n d e r s t a n d  
e x a c t l y  w h a t  t h e  p a r a m e t e r s  a r e .  b u t  t h e r e  w i l l  be a 1 1 
minimum of f i v e  ce l l s  a t  a g i v e n  test c o m b i n a t i o n .  And 2 ~ 

i t h e r e  c a n  b e  a s  many a s  e i g h t ,  i f  t h e y  h a v e  t h e  t h r e e  e a r l y  
r emova l  ce l l s .  

So t h a t  t h e r e  w i l l  b e  a  r e p o r t  o u t  v e r y  s h o r t l y .  
I t  is i n  t h e  p r i n t i n g  now, a NASA r e p o r t ,  t h a t  o u t l i n e s  t h e  
c o m p l e t e  m a t r i x .  And, l i k e  I s a y ,  i t  d o e s  c o v e r  86 test 
c o m b i n a t i o n s .  

GASTOK: I assume a l l  t he  ce l l s  a r e  from o n e  lo t ,  
t h e  same s e p a r a t o r  l o t ,  t h e  same p l a t e  l o t  -- is my i m p r e s -  
si o n  w rong? 

MAINS: T h e r e  w i l l  be two l o t s .  The S t a r p o i n t  
and  C e n t e r p o i n t  t es t  and  normal  test w i l l  a l l  b e  r u n  f rom 
o n e  l o t .  The f a c t o r i a l  test w i l l  b e  r u n  f rom t h e  s e c o n d  
l o t .  T h e r e  w i l l  be some c r o s s  c o r r e l a t i o n  t h e r e  t o  t r y  
t o  d e t e r m i n e  if we h a v e  had any  major v a r i a b l e  c h a n g e s  o r  
a n y t h i n g  l i k e  t h i s .  T h i s  was  s o m e t h i n g  t ' i m t  we had no  con-  
t r o l  o v e r .  \Ye had t o  go b a c k  f o r  a  r e - o r d e r  t o  g e t  a d d i -  
t i o n a l  c e l l s  t o  conkplete t h e  expalided t es t .  

STEINHAGR: IIow d o  you p l a n  t o  accommodate t h e  
p rob lem i n  a g e n e r a l  s e n s e  -- t h e  t e r ~ l p e r a t u r e  q u e s t i o n  h a s  
b e e n  r a i s e d ,  b u t  i n  a  g e n e r a l  s e n s e  a r c  you d e a l i n g  w i t h  
t h e  same f a i l u r e  p a t t e r n s  or  n o t ?  

MAINS: I  am n o t  s u r e  we h a v e  a n  a n s w e r  o n  t h a t  
y e t .  We a r e  g o i n g  t o  h a v e  t o  see what  t h e  r e s u l t s  a r e  
and  h o p e f u l l y  come b a c k  and see i f  t h i s  is s o m e t h i n g  w e  c a n  
r e a l l y  p r e d i c t  o n  o r  n o t .  

DUNLOP: J u s t  t o  augment t h a t  q u e s t i o n  a  b i t ,  
t h e r e  was  a f a i r  amount o f  d a t a  p r e s e n t e d  y e s t e r d a y  o n  
r e a l  t i m e  t e s t i n g  by Hughes and m y s e l f .  And i t  was i n t e r -  
e s t i n g  t o  n o t e  t h a t  many o f  t h e  v a r i a b l c s y o u  h a v e  a r e  
i n c l u d e d .  And, o f  c o u r s e ,  t h e  m a j o r  mechanism t h a t  c a u s e d  
a l l  o f  t h e  d e v i a t i o n s  -- and t h a t ' s  a  s y n c h r o n o u s  a p p l i c a -  
t i o n  -- was t h e  s t o r a g e  mode. 

The p o i n t  h e r e  r e a l l y  is t h e  k i n e t i c s  t h e r e  n r o  
o b v i o u s l y  much d i f f e r e n t  t l l a n  a n y t h i n g  you a r e  g o i n g  to 
come u p  w i t h  i n  t h i s  t e s t .  I would  have  a n  i m p o s s i b l e  time 
s e l l i n g  anybody i n  my p r o j e c t  o f f i c e  a f a i l u r e  mcchanisrn 
b a s e d  o n  60°c a s  a  c r i t e r i a  for s a v i n g  t h a t  p a r t i c u l a r  c e l l  
was a  good or bad d e s i g n  f o r  a n  iWP9I;SAT mission, 



I pwss, i n  n way,  t h e  problem I r e a l l y  d o n ' t  u n d e r -  i 

s t a n d  -- t h i s  i s  l ike  s a y i n g  you d o n ' t  k n o \ ~  nngt l i i t ig  about 
n i c k e l - c n d ~ ~ i i u m  c e l l s ,  so you h a v e  t o  s t a r t  a  m a s s i v e  program 
t o  l o o k  a t  e v e r y t h i n g .  F r a n k l y ,  you know a  g r c a t  d e a l  nbou t  
n ickel -cadmium c e l l s .  I am n o t  r e a l l y  s u r e  why you d o n ' t  
zero i n  more o n  wha t  you a r e  r e a l l y  t r y i n g  t o  i d e n t i f y  a s  f a r  
a s  n c c h a n i s m s  a r e  c o n c e r n e d ,  s u c h  a  b r o a d  b a s e d  t h i n g  

L:\CKKER: Joe J a c k n c r ,  D e f e n c e  Research E s t a b l i s h -  
m e n t .  I t h i n k  p e o p l e  are t a l k i n g  a r o u n d  t h e  colnlnon p o i n t  h e r e .  
I n  t h e  d e s i g n  o f  y o u r  t es t s  p e o p l e  a r c  s a y i n g  we a r e  w o r r i e d  
a b o u t  h i g h  t e m p e r a t u r e ,  and we a r e  w o r r i e d  a b o u t  f a i l u r e  
mec h a n i  s m  . 

Now, w e  d o  know t h a t  -- well, a t  DRE we have d o n e  
some tests f o r  SASA Goddard b e c a u s e  u e  a r e  q u i t e  concer t r ed  
w i t h  h i g h  t e m p e r a t u r e ,  t h a t  is you wan t  t o  o p e r a t e  a t  h i g h  
t e m p e r a t u r e  you a r e  w o r r i e d  a b o u t  y o u r  c h a r g e  e f f i c i e n c y  . 
Now, t h e  c h a r g e  e f f i c i e n c y  i s  improved b y  c h a r g i n g  a t  a  h i g h  
r a t e ,  and  you d e s i g n  a l l  y o u r  tests t o  c h a r g e  a t  a  h i g h  
r a t e .  

I a p p r e c i a t e  y o u r  t r y i n g  t o  a c c e l e r a t e  t h i s ,  b u t ,  . . 
b e l i e v e  m e ,  i f  you w a n t e d  t o  a c c e l e r a t e  i t ,  c h a r g e  a t  p l u s  40 
t o  C/20 o r  C,"10, and you sill f i n d  t h a t  t h e  r e s u l t s  w i l l  b e  
v e r y  poor v e r y  f a s t ,  b e c a u s e  y o u r  c l l a r g e  e f f i c i e n c y  is  n o t  

i - 
v e r y  good .  You 've  g o t  to  get a t  l e a s t  1 . 4 0  v o l t s  t o  c h a r q e  F 
e f f i c i e n t l y .  And a l l  y o u r  v o l t a g e s  t h e r e  a r e  way above  1 . 4 0 .  
T!~ey a r e  1.5, 1 . 5 0 .  1 

: 
1 

I n  e f f e c t ,  you a r e  n o t  t e s t i n g  h i g h  t e m p e r a t u r e ,  f i  
b e c a u s e  you a t  t e s t i n g  i t  a t  t h e  most  f a v o r a b l e  c o n d i t i o n s .  i 
S o  you s h o u l d n ' t  r e a l l y  p u t  i n  t h e r e  l o ~ e r  c h a r g e  r a t e s  i f  a 
you w a n t  t o  g e t  t h e  h i g h  t e m p c r a t u r e  f a i l u m  mechanism. % 

i 
HENNIGAN: We know t h e s e  low c h a r g e  r a t e s  w i l l  f a i l  1 ' 

3 .  

t o  show i t  i n  n s h o i - t  t i m e .  b u t  i t  r e a l l y  d i d n ' t  f a i l .  You t .  

c a n  b r i n g  i t  down t o  20°C and o p e r a t e  t h e  ce l l  a g a i n  b e c a u s e  
o f  t h e  c h a r g e  e f f i c i e n c y .  Kha t  wewere t r y i n g  t o  d o  i n  t h e  
i n i t i a l  test was to get a c h a r g e  r a t e  t h a t  would  k e e p  t h e  
c a p a c i t y  o f  t h e  c e l l  u p  and n o t  h a v e  t o  t a k e  t h e  c e l l  o u t  i n  
t h e  first two o r  t h r e e  c y c l e s  b e c a u s e  o f  p r e s s u r e .  

T h a t  c e l l  h a s n ' t  f a i l e d  y e t .  You c o u l d  s t o p  t h e  
t e s t ,  b r i n g  i t  down t o  room t e m p e r a t u r e  and s t i l l  run i t .  We 
want  t o  g e t  t h e  shor t ing  modes and  s e p a r a t o r  goiug, t h o  
cadmium m i g r a t i o n  and  so f o r t h .  T r u e ,  a l l  o f  t h e s e  c o n d i t i o n s  
are n o t  p r a c t i c a l  b e c a u s e  of t he sy r i ch ronous  o r b i t ,  xnd a t  
times w e  ai*e r u n n i n g  some t h a t  w o n ' t  ma tch  t h e  9 0  dcgree 100 
o r b i t .  

'fe a r e  j u s t  t r y i n g  to  get n tool h e r e  t o  t a k e  a lot 
o f  cells and to  test them to see i f  t h e  m a l i u f a c t u r e r  p u t  o u t  



l h 3 6  n  good l o t .  This h a s  b e e n  o u r  p rob lem f o r  y e n r s ,  t o  d e t e r m i n e  
w h e t h e r  ,the lo t  \vns good. 

LACKNGR: I n  t h a t  r e g a r d ,  p e r h a p s  you s h o u l d  e s t a b -  
l i s h  a  g u i d e l i n e  w i t h  t h e  manufacturers. S e v e r a l  o f  them 
h a v e  s a i d  t h a t  t h e y  have  v a r i o u s  t r c a t m c n t u  t h a t  w i l l  a l l o w  
them t o  o p e r a t e  t h e i r  c e l l s  a t  h i g h  t e m p e r a t u r e s .  I f  you 
c a n  g e t  p l a t e s  t h a t  h a v e  t h i s  and  move them t h r o u g h  t h e  test 
a n d  h a v e  a  c o r r e l n t i o n  t h e r e ,  I t h i n k  you will come u p  w i t h  
s o m e t h i n g  u s e f u l .  

HENNIGAN: T h e s e  h a v e  t h e  treatncnt.  

LANDER : I f  t h a t  s t a t e m e n t  is correct,  I would 
l i k e  t h e  two m a n u f a c t u r e r s  who s u p p l y  a i r c r a f t  b a t t e r i e s  t o  
come a r o u n d  and t a l k  t o  m e .  I am L a n d e r  f rom A i r  F o r c e .  

T A Y W R :  T a y l o r ,  J I c D m n e l l  D o u g l a s .  A l l  o f  t h e s e  
a r e  i n  f i v e  ce l l  p a c k s ,  r i g h t ?  

hIAIYS: R i g h t ,  

TAYLDR: Have you e v e r  c o n s i d e r e d  d o i n g  one ce l l  by 
i t s e l f  a s  a  c o n t r o l  o r  a b a s e l i n e ?  

MAINS:  A s  f a r  a s  t h e  o v e r a l l  tests? 

TAYLOR: A t  t h e  v a r i o u s  p a r a m e t e r s ,  t h e  m a t r i x .  

AlAINS: Well, t h e  f e e l i n g  was  t h a t  f i v e  would  r e a l l y  
be a  minimum t o  g i v e  u s  s t a t i s t i c a l  a n a l y s i s  and  be s i g n i f i -  
c a n t .  The  r e a s o n  f o r  d o i n g  o n e ,  we would  j u s t  h a v e  t o  r e p e a t  
i t  w i t h  a  l a r g e r  g r o u p  l a t e r .  T h i s  is t h e  r c a s o n  why we d i d  
i t  w i t h  t h i s  two ce l l  group, was t o  t r y  and  a t  l e a s t  o v e r a l l  
get a  q u i c k  view o f  how would  t h e  p e r f o r m a n c e  pan  o u t .  

B e c a u s e  we h a v e  t a l k e d  f o r  a l o n g  t i m e ,  we have  d i s -  
c u s s e d  t h e  m a t r i x  w i t h  a lo t  o f  p e o p l e ,  b o t h  u s e r s ,  manufac-  
t u r e r s ,  and so f o r t h ,  t o  t r y '  t o  come u p  w i t h  t h e  l e v e l s  we 
h a v e  h e r e .  And t h e y  a r e  n o t  r e a l i s t i c  u s e  l e v e l s .  T h i s  is 
one t h i n g  t h a t  is k i n d  o f  h a r d  t o  a c c e p t  when you f i r s t  s t a r t  
i n  o n  t h i s ,  b u t  we a p e  t r y i n g  t o  a c c e l e r a t e ,  t r y i n g  t o  f a i l  
t h i s  t h i n g  e a r l y .  

The  o n l y  q u e s t i o n  we d o n ' t  know is w i l l  i t  f a i l  f o r  
t h e  same r e a s o n  o n  t h e s e  tests a s  i t  would  a t  20 d e g r e e s  i n  
t e n  y e a r s ,  and t h i s  is s o m e t h i n g  we a r e  t r y i n g  t o  p r o v e .  I 
mean w e  don ' t know. 

TAYWR: T h e  r e a s o n  I was a s k i n g  was  are you using 
o n e  c e l l  o u t  of t h e  f i v e  a s  a c o n t r o l  on c h a r g e  c u t o f f ?  i t 

MAINS:  No. As f a r  a s  c o n t r o l ,  we a r e  c h a r g i n g  a t  
a f i x e d  r a t e  t o  a  f i x e d  porcon t  of recharge, 110 v o l t a g e  l i m i t ,  



p r e s s u r e ,  y e s ,  we're g o i n g  t o  c u t  o f f  b e f o r e  t h o  t h i n g  blows ; 
t 

u p ,  atad t h a t ' s  a b o u t  i t .  The i d e a  is t o  t a k e  them t o  f a i l u r e  
and f a i l u r e  w i l l  be z e r o  v o l t s .  

3 R .  LURIE: I t h i n k  t h e r e  i s  a  f e e l i n g ,  when o n e  
l o o k s  a t  a l a r g e  f a c t o r i a l  e x p e r i m e n t ,  s t a r  e x p e r i m e n t  o f  
t h i s  t y p e ,  yo'] a r e  a s s u m i n g  you d o n ' t  know v e r y  much a b o u t  
t h e  s y s t e m .  And t h e r e  is a  temptation to  l o o k  a t  i n d i v i d u a l  
f a i  l u r e  mechani  stns, making u s e  of background  t h a t  you a l r e a d y  
h a v e .  

I n  d e f e n s e  of t h i s  method,  t h e  s y s t e m  is c l e a r l y  
v e r y  h i g h l y  i n t e r a c t i v e ,  and t h e s e  v a r i a b l e s  a l l  i n t e r a c t  
w i t h  e a c h  o t h e r .  They i n t e r a c t  v e r y  s t r o n g l y .  T h i s  is 
d e f i n i t e l y  t h e  most r e l i a b l e  way o f  g c t t i ~ l g  t o  t h o s e  i n t e r -  
a c t i o n s  w i  t h o u t  d o i n g  l i t e r a l l y  t h o u s a n d s  al!d +,I lsusands o f  
e x p e r i m e n t s .  

I t h i n k  t h e r e  i s  a  v e r y  r e a l  d a n g e r  o f  n o t  s e e i n g  
t h o s e  i n t e r a c t i o n s  u n l e s s  you a p p r o a c h  i t  f r o m  t h i s  p o i n t  of 
v i e w .  

MAINS: R i g h t .  I t h i n k  t h i s  is t h e  main  t h r u s t  
of what  w e  were a f t e r ;  t r y i n g  t o  l e a  ?e o u r s e l v e s  o p e n  t o  a 
c e r t a i n  d e g r e e  to  look a t  e v e r y t h i n g ,  but n o t  t o  come u p  
w i t h  a b o u t  3,000, o r  s o m e t h i n g  l i k e  t h i s ,  b a t t e r i e s  t h a t  
would  h a v e  been  needed  t o  r u n  t h i s  t y p e  of 2 f u l l  m a t r i x ,  

ILPERT: I t h i n k  t h a t ' s  a  good n o t e  t o  e n d  o n .  
A t  t h i s  p o ~ n t  w e  will c m t i n u e  by h a v i n g  some c o f f e e .  

(Whereupon, a  s h o r t  recess was t a k e n . )  

HALPERT: Well, we h a v e  t a l k e d  a l i t t l e  b i t  t h i s  
morn ing  a b o u t  experimental s e t - u p ,  e x p e r i m e n t a l  d e s i g n ,  
and  t h e n  we t a l k e d  a b o u t  a  program f o r  a c c e l e r a t e d  t e s t i n g .  
Our  n e x t  s p e a k e r  is, g o i n g  t o  f o l l o w  a l o n g  i n  a  s i m i l a r  v e t l l  
; h a t  i s  J o h n  Lander  f rom W r i g h t  P a t t e r s o n  A i r  F o r c e  Base  
who is g o i n g  t o  t a l k  a b o u t  c y c l e  l i f e  p r e d i c t i o n  b a s e d  on 
m o d e l i n g .  J o h n  L a n d e r .  

LANDER: Would you p u t  t h e  f i r s t  v i e w g r a p h  o n ,  
p l e a s e ?  

T h a t ' s  t h e  t i t l e  o f  t h i s  t a l k ,  and  t h i s  work is 
p a r t  o f  t h e  e f f o r t  t h a t  was  j u s t  d e s c r i b e d  by Don Mains .  
And H a r r y  Seiger y e s t e r d a y  showed u s  p h y s i c a l  chemo p l a q u e  
t o  draw s t r a i g h t  l i n e s ,  and  I t h i n k  you u i l l  see t h a t  a s  
t h i s  d e v e l o p s .  

i 
Also, r e g a r d i n g  t h e  c o n v e r s a t i o n  we h a d  a b o u t  temp- 

e r a t u r e s ,  t h e  u s e r s  would  l i k e  relief f rom t h a t  t e m p e r a t u r e  



1 1138 s i t u a t i o n ,  b c c a u s c  we h a v e  t o  p u t  n l o t  of e f for t  on  
t h o s e  b a t t c r i c s  t o  n ~ n l t c  ti~cm work. A 1  1 i t ?  Okay.  I n  
NiCd c e l l  c y c l e  l i f e  t e s t i n g ,  t h e  most commonly u s e d  
f a c t o r s  f o r  a c c e l e r a t i o n  o f  d e g r a d a t i o n  o f  f a i l u r e  h a v e  
been  i n c r e a s e  o f  d e p t h  of d i s c h a r g e  and  t e m p e r a t u r e .  

We s h a l l  p r o c e e d  h e r e  to i l l u s t r a t e  how t h e s e  
migh t  b e  u s e d  t o  d e f i n e  and  p r e d i c t  c y c l e  l i f e  f rom a c c e l -  
e r a t e d  t c s t i n g  by u s i n g  t h e s e  two f a c t o r s ,  and t h i s  is 
r e a l l y  a k i n d  o f  s i m p l e  a p p r o a c h  t o  t h i s  o v e r a l l  p r o b l e m .  
And I j u s t  worked i t  o u t  t o  see how i t  would work o u t  b a s e d  
o n  t h e  a v a i l a b l e  i n f o r m a t i o n  t h a t  w e  l lnve, and we w i l l  show 
you how it d o e s  i n  t h e  c o u r s e  o f  t h e  t a l k .  

And t o  show you how s i m p l e  t h i s  is ,  we a r e  o n l y  
u s i n g  two a s s u m p t i o l l s .  The f i r s t  o n e  is t h a t  t h e  d e g r a d a -  
t i o n  r a t e  is a l i n e a r  f r a c t i o n  o f  t h e  d e p t h  of d i s c h a r g e  
and i t  p a s s e s  t h r o u g h  t h e  o r i g i n ,  t h a t  is ,  i t ' s  zero d e g r a d -  
a t i o n  a t  zero d e p t h  o f  d i s c h a r g e ,  

The s e c o n d .  is t h a t  t h e  d e g r a d a t i o n  r a t s  d o u b l e s  
f o r  e a c h  loOc, 1 8 O ~  rise i n  t e m p e r a t u r e .  Xou. t h i s  is a 
cornmcnly u s e d  r u l e  o f  thumb i n  c h e m i s t r y  t o  a f f e c t  t h e  
t e m p e r a t u r e  e f f e c t ,  t o  e x p r e s s  t h e  t e m p e r a t u r e  e f f e c t ,  o n  
c h e m i c a l  r e a c t i o n  r a t e s ,  b u t  l i k e  r u l e s  of thumb, i t ' s  n o t  
a l w a y s  v e r y  a c c u r a t e .  Anyway, w e  u s e d  i t  f o r  t h e  f i r s t  
a p p r o a c h ,  and i t s  l a c k  of a c c u r a c y  i s n ' t  o f  a n y  p a r t i c u l a r  
c o n c e r n  f o r  b u i l d i n g  t h e  model .  

Now,  i t ' s  g o i n g  to  b e  o f  c o n c e r n  when w e  a t t c m p t  
t o  r e f i n e  i t  and t r y  t o  p r e d i c t  l i f e ,  Also, w e  s h a l l  
a r b i t r a r i l y  se lec t  t h e  d e g r a d a t i o n  r a t e  t o  b e  3 perce?t of 
c a p a c i t y  loss  per t h o u s a n d  c y c l e s  f o r  t h e  test  c o n d i t i o n s ,  
5 0  p e r c e n t  d e p t h  o f  d i s c h a r g e  and  5 0 O ~ .  

Now, when we t a k e  t h e s e  two a s s u m p t i o n s ,  we g e t  
a  f a m i l y  o f  c u r v e s  w h i c h  w i l l  be o n  t h e  n e x t  s l i d e ,  I t h i n k ,  
Oh,  l e t ' s  h o l d  t h a t  f o r  a  moment, and g i v e  u s  t h e  f i r s t  set 
of -- a l l  r i g h t .  

( S l i d e  1 4 2 . )  

T h e s e  c u r v e s  a r e  a u t o m a t i c a l l y  d e f i n e d  by t h o s e  two 
a s s u m p t i o n s  i n  t h e  r t l - b i t r a r y  s e l e c t i o n  of t h e  3 p e r c e n t  per 
t h o u s a n d  c y c l e s ,  which  is t h e  c i r c l e  o n  t h e  lower c u r v e .  
You c a n  take t h a t  o f f .  h'ow, t h o s e  c u r v c s  u h i c h  I j u s t  showed 
you c a n  b e  u s e d  to e s t a b l i s h  a  se t  o f  l i f e  c u r v e s  a s  a futrc- 
t i o n  o f  d e p t h  o f  d i s c h a r g e  and t e m p e r a t u r e  i n  t h e  f o l l o w i n g  
way. T h a t ' s  wha t  t h e y  c a n  b e  u s e d  t o  e s t a b l i s h .  

Now let me t a l k  -- would you p u t  t h e  first g r a p h  
b a c k  on? I w i l l  t a l k  a b o u t  t h a t  f o r  a moment, 

( S l i d e  142.) 



We c a n  u s e  these t o  ~ s t n b l i s h  the c c n t c r  c u r v e ,  
which was j u s t  shown, i\lld tllc way you c a n  do i t  i t ' s  a  
s i m p l e  procedure  -- a r i t h m n t i c n l l y  i t ' s  t h i s  way. Suppose,  
f o r  i n s t a n c e ,  you t a k a  t h e  c o n d i t i o n  75  pclecent d e p t h  o f  
d i s c h a r g e  and 50°F. The d o g r a d a t i o n  r a t e  from t h i s  set o f  
c u r v e s  is 4 . 6  p e r c e n t  p e r  thousand c y c l e s .  

Now f a i l u r e  o c c u r s  when t h e  c e l l  c a n  no l o n g e r  
d e l i v e r  73 p e r c e n t  o f  i t s  r a t e d  c i ~ p a c i t y .  So t h a t  means 
t h a t  t h e  c e l l  c a n  l o s e  25 p e r c e n t  c a p a c i t y  b e f o r e  f a i l u r e .  
If we d i v i d e  25 p e r c e n t  by 4 . 6  p e r c e n t  and m u l t i p l y  b y  1000, 
because  i t ' s  4 . 6  per- l@OO c y c l e s ,  we come u p  w i t h  t h e  c y c l e  
l i f e  of 5 ,440  c y c l e s .  

You c a n  do t h a t  f o r  any o t h e r  c o n a i t i o n  which is 
d e s c r i b e d  by t h e s e  c u r v e s .  And i f  you do so, t h e n  you come 
u p  w i t h  a  t a b l e  o f  v a l u e s  which we c a n  p l o t  i n  t h e  set o f  
c u r v e s  which was shown here. And you c a n  see t h a t  t h e  
c u r v e s  k ind  of look h y p e r b o l i c .  X d o n ' t  ktiow whether  t h e y  
a r e  r e a l l y  hype rbo le s  o r  n o t .  We w i l l  t e l l  you what they 
a r e  i n  a few m i n u t e s .  

N o w ,  i n s t e a d  o f  do ing  t h i s  a r i t h m a t i c a l l y ,  we c a n  
d e r i v e  a  ma thema t i ca l ly  e x a c t  e q u a t i o n  f o r  i t .  

( S l i d e  144 . )  

Oh, t h a t ' s  what I j u s t  t o l d  you. We c a n  do t h i s  
a r i t h m a t i c a l l y  o r  w e  c a n  d e r i v e  a  mathemat ica l  e q u a t i o n .  

L e t ' s  have t h e  n e x t  s l i d e ,  p l e a s e ,  

( S l i d e  145.)  

The c y c l e  l i f e  is t h e  a l l o w a b l e  p e r c e n t  d e g r a d a t i o n  
d i v i d e d  by t h e  d e g r a d a t i o n  r a t e  times a  thousand ,  because  t h e  
d ~ ~ r a d a t i o n  r a t e  is p e r c e n t a g e  per thousand c y c l e s .  And t h e  
a l l o w a b l e  p e r c e n t  d e g r a d a t i o n ,  a s  we s a i d ,  is 100 minus t h 6  
d e p t h  of d i s c h a r g e ,  

Now, by o u r  f i r s t  assumpt ion ,  t h e  d e g r a d a t i o n  r a t e  
is a l i n e a r  f u n c t i o n  o f  t h e  d e p t h  o f  d i s c h a r g e  w i t h  a slope 
down depending on t e m p e r a t u r e .  And by o u r  second assumpt ion ,  
t h e  i n c r e a s e  on t h a t  s l o p e ,  where 311 is t h e  50 d e g r e e  temper- 
a t u r e ,  is expres sed  by two times t h e  exponent  o f  T minus 50 
o v e r  18. 

I t ' s  easy enough t o  d e r i v e  t h a t  based  on  t h a t  
asraumption. So t h e n  t h e  d e g r a d a t i o n  r a t e  is e q u a l  to, for 50 
d e g r e e s  -- well, any  t empera tu re  s e q u e l  to  M, n o t  A! prime-  
times two t o  t h e  exponent ,  T minus 5 0 ,  o v e r  18, times t h e  
pe rcen tage  o f  t h e  d i s c h a r g e .  





1 h40 So i f  wc s u b s t i t u t e  t h a t  c s p i g c s s i o l l  i n t o  t h e  f i r s t  
e q u a t i o n ,  rcnrr:tngc i t  n little b i t ,  you conic u p  w i t h  the 
c y c l e  l i f e  d i v i d e d  by a t h o u s a n d  e q u a l  t o  1 o v e r  A1 times 2 
t o  t h e  e x p o n e n t ,  T minus  5 0  o v e r  18, times 1 0 0 ,  minus  t h e  
p e r c e n t  o f  t h e  d i s c h a r g e  o v e r  t h e  p e r c e n t  o f  d i s c h a r g e .  

And we h a v e  a r b i t r a r i l y  s e l e c t e d  11 p r i m e  t o  b e  .06 
f o r  5 0  p e r c e n t  d e p t h  o f  d i s c h a r g e  and 5 0  d e g r e e s  F a h r e n h e i t .  
Okay,  t h a t ' s  m a t h e m a t i c a l l y  e x a c t .  And l o o k i n g  a t  t h e  r i g h t -  
hand s i d e  o f  t h a t  e q u a t i o n ,  you see t h a t  t h e  e q u a t i o n ,  t h e  
c y c l e  l i f e  on t h i s  b a s i s ,  is a  f u n c t i o n  o f  two power ser ies  
which  m u l t i p l y  o n e  a n o t h e r ,  ~ i h i c h  e x p l a i n s  t h e  s h a p e  o f  t h e  
c u r v e s  t h a t  we have  a l r e a d y  s e e n .  

N o w ,  how good is t h i s  model? I f  we c a n  h a v e  t h e  
n e x t  g r a p h .  

( S l i d e  146.)  

Here is  a  model w i t h  e x p e r i m e n t a l  d a t a  w h i c h  was  
t a k e n  f rom NASA S p e c i a l  P u b l i c a t i o n  1 7 2 .  and t h e s e  c e l l s  were 
m a n u f a c t u r e d  a round  1960.  and t h e y  were t e s t e d  a t  wha t  u s e d  
t o  b e  Coois E l e c t r i c ,  wh ich  is  no more. 

The u p p e r  two c u r v e s  a r e  g r a p h s  f rom o u r  mode l ,  
t h e  lower  c u r v e  is e x p e r i m e n t a l  d a t a  from a p p r o x i m a t e l y  1 9 6 0 ' s  
tes t  work f o r  7 5  d e g r e e s .  Well, l o o k i n g  a t  i t  you s .y, wel l ,  
t h e  s h a p e  o f  t h e  c u r v e s  o f  t h e  model may n o t  be t o o  b a d .  
They a r e  c e r t a i n l y  t o o  h i g h ,  b a s e d  o : ~  t h i s  i n f o r m a t i o n .  So 
l e t ' s  l o o k  a round  a l i t t l e  b i t  more 

There  i s  a  l a t e r  s t u d y ,  w h i c h  was  made b y  t h e  Roya l  ! : 

A i r c r a f t  E s t a b l i s h m e n t ,  a h i c h  was  r e p o r t e d  i n  1 9 6 7 b y G a r r e t t  , . 

and Pomroy, on t h e  e f f e c t s  of d e p t h  of d i s c h a r g e  and t empera -  
t u r e  o n  a  90-minute  a u t o m a t i c  c y c l e .  From t h e i r  c a p a c i t y  
c u r v e s ,  t h e y  -- oh, t h e y  measured c a p a c i t y  o n  t h i s  c y c l e  
r o u t i n e .  

The c o n d i t i o n s  t h a t  t h e y  u s e d  f i r s t  were d e p t h  o f  
d i s c h a r g e  g a n g i n g  f rom 5 t o  5 0  p e r c e n t  and two t e m p e r a t u r e s ,  
OOC and 20 C ,  a h i c h  a r e  3 2  and 68 F a h r e n h e i t ,  and t h e y  c h e c k e d  
c a p a c i t i e s  duri!lg t h e  c y c l e  r o u t i n e .  They had t h r e e ,  s i x ,  
and 12  months .  I b e l i e v e  t h a t  test was  c o n t i n u e d ,  b u t  I d o n ' t  
have  a n y  l a t e r  i n f o r m a t i o n  on i t .  I w i s h  I d i d .  

, . 
Now, t h e  c e l l s  t h a t  were u s e d  i n  t h i s  test were 

G u l t o n  ce l l s  and t h e y  were p r o b a b l y  m a n u f a c t u r e d  back  a r o u n d  > .  
1964 o r  1965 ,  b a s e d  o n  t h e  test r e p o r t  d a t e  and t h e  time t h a t  
t h e  t e s t i n g  had gonc- o n .  And f rom their  d a t a ,  I h a v e  con-  : c 

s t r u c t e d  a  t a b l e  which  r e l a t e s  p e r c e n t  e n e r g y  loss o n  c y c l i n g  i 

a s  n f u n c t i o n  of d c p t h  o f  d i s c h a r g e  and t e m p e r a t u r e  o r  t h e  i i. 

two t e m p e r a t u r e s  c o n c e r n e d .  



l h 4 l  I d o n ' t  h a v e  a  graph showing  t h i s ,  b u t  we d o  see 
t h i s  d a t a  i n  tlic n e s t  f i g u r c .  011, m t  t h a t  o n e .  T h a t ' s  -- 
n o ,  the ne?t sev-ef  life c u r v e s .  Yes, t h a t ' s  t h e  one we 
w a n t .  

( S l i d e  147.)  

N o w ,  t h i s  c u r v e  shows t h e  Royal  A i r c r a f t  E s t a b l i s h -  
ment d a t a  fo r  68 d e g r e e s  v e r s u s  our model ,  F 68O, a n d  i t  
a l s o  shows t h e  o l d e r  e lec t r ic  company d a t a .  N o w ,  w e  l o o k  a t  
t h o s e ,  and we s a y ,  a l l  r i g h t ,  o u r  model i s n ' t  l o o k i n g  bad  
b a s e d  on c u r v e  s h a p e  anyway. 

I t  still  i n d i c a t e s  a  l i t t l e  better l i f e  t h a n  was  
o b t a i n e d  b y  e i t h e r  t h e  Cook E l e c t r i c  o r  t h e  RAE d a t a ,  b u t  
t he re  is a n o t h e r  t h i n g  w e  c a n  s a y  a b o u t  t h o s e ,  t h a t  i n f o r m a -  
t i o n ,  a l s o .  And t h a t  is t h a t  d u r i n g  t h e  i n t e r v e n i n g  y e a r s  
be tween  t h e  time t h e  ce l l s  were b u i i t  f o r  Cook E l e c t r i c  and  
t h e y  were b u i l t  f o r  Royal  A i r c r a f t  E s t a b l i s h m e n t  there h a s  
b e e n  a  v e r y  n i c e  g a i n  i n  p e r f o r m a n c e .  O k a y .  

Now l e t ' s  go back  and  t a k e  t h o s e  oiles w h i c h  w e  
s k i p p e d  o v e r .  

( S l i d e  148.) 

T h i s  p l o t s  t h e  Royal  A i r c r a f t  E s t a b l i s h m e n t  d a t a ,  
some of i t  a n y ~ a y ,  f o r  320 and  68O a s  a  f u n c t i o n  o f  p e r c e n t  
d e p t h  of d i s c h a r g e .  And w e  a l s o  c u l l e d  o u t  o f  t h e  o l d  Cook 
E l e c t r i c  d a t a  some h i g h e r  t e m p e r a t u r e  p o i n t s  N o w ,  I 
w o u l d n ' t  l o o k  a t  t h o s e  c u r v e s  and s a y  t h e y  a r e  s t r a i g h t  l i n e s .  
But r e g a r d l e s s  o f  t h a t ,  w e  drew s t r a i g h t  l i n e s  anyway, 
b e c a u s e  i t ' s  r e a l l y  n o t  a  bad f i t .  

But  anyway, w e  u s e d  t h e s e  list d a t a  t o  c o n s t r u c t  
t h e  l i f e  c u r v e s  which  w e  h a v e  j u s t  shown you.  

N o w ,  u e  h a v e  c h a n g e d  t h i n g s  a  l i t t l e  b i t .  We have  
gone  from c a p a c i t y  d e g r a d a t i o n  t o  e n e r g y  d c g r a d a t l  on now 
b e c a u s e  w e  had t h e  a c t u a l  c a p a c i t y  d i s c h a r g e  c u r v e s  t o  work 
w i t h .  Also, we c a n  now get a b e t t e r  f i g u r c  f o r  t h e  s l o p e  51 
of t h e  d e g r a d a t i o n  r a t e  c u r v e s .  

And if y o u ' l l  -- o h ,  okay  We t o o k  t h a t  d a t a  and 
smoothed i t  and s a i d  t h i s  was  i t .  Now l e t ' s  g o  o n e  more 

( S l i d e  149.) 

A l l  r i g h t .  T h e r e ' s  a  c u r v e  which  -- s u b f i l e  l i n e  -- t h e r e  i t  i s .  T h i s ,  t a k i n g  t h a t  l a s t  set  o f  c u r v e s ,  we c a n  
p l o t  t h e  l o g  o f  11 o v e r  11 p r i m e  a s  a  f u n c t i o n  o f  t h e  temp- 
e r a t u r e ,  t h e  t e m p e r a t u r e  f u n c t i o n ,  and f rom t h a t  we c a n  draw 
a  line t h r o u g h  t h e r e  and  d e t e r m i n e  N. 3 is t h e  power t o  wllich 
t h e  t e m p ? r n t u r e  f u n c t j . o n  i s  t h e n  r a i s e d  i n  o u r  equa t ion .  
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1 h42 And f o r  t h i s  d a t a  f r o m  RAE,  i n  RAE, I am usi ng t h e  
o l d  Cook e l e c t r i c  dnto  : wc c o ~ n e  up ni t h  a v a l u e  u l l ic l i  is  1 .52 .  
This s a y s  now t h a t  t h e  t e m p e r a t u r e  e f f e c t  d o e s n ' t  d o u b l e  
d e g r a d a t i o n  r a t e  w i t h  e v e r y  18 d e g r e e s  rise i n  t e m p e r a t u r e ,  
b u t  i t  goes u p  a s  a f a c t o r  of 1.52 p e r  18 d e g r e e s  t e m p e r a t u r e  
rise. 

S o  t h a t ' s  t h e  first c o r r e c t i o n  t o  o u r  b a s i c  m o d e l .  
Okay.  Now w e  still h a v e  more r e c e n t  and  b e t t e r  i n f o r m a t i o n  
which  is d e r i v i n g  from tests which  a r e  c u r r e n t l y  u n d e m a v  a t  
NAD'Crane for c e l l s  which  were manuf a c t u r e d  by Gu l t o ~  I n  1966 .  

Now le t  * s  h a v e  t h e  n e x t  o n e  

( S l i d e  150.) 

And f rom t h a t  most  r e c e n t  i n f o r m a t i o n  w e  c a n  now 
p l o t  t h e  NAD'Crane d a t a  f o r  68" a g a i n s t  o u r  mode l .  And a l s o  
we have  i n c l u d e d  t h e  RAE and  t h e  o l d e r  KASA d a t a .  And a g a i n ,  
t h e  s h a p e  o f  t h e  c u r v e  model  l o o k s  p r e t t y  good v e r s u s  t h e  
a v a i l a b l e  i n f o r m a t i o n ,  which  i s  r e a l l y  q u i t e  s p o t t y ,  s o  w e  
w i l l  s a y  o k a y ,  it  l o o k s  p r e t t y  good,  so f a r .  

Also, you c a n  see f r o m  c o m p a r i s o n  o f  t h e  RAE d a t a  
and t h e  most  r e c e n t  C r a n e  d a t a  t h a t  a n o t h e r  n i c e  jump i n  p e r -  
formance h a s  been  a c h i e v e d .  NOW, w e  c a n  u s e  t h i s  most; r e c e n t  
d a t a  a l s o  t o  r e - c o r r e c t  t h e  v a l u e  o f  t h e  s l o p e  o f  o u r  d e g r a d a -  
t i o n  c u r v e .  

Kow, i t  t u r n s  o u t  t h a t  i f  we u s e  t h e  v a l u e  f o r  t h e  
power which  t h e  -- t h e  number is r a i s e d  t o  t h e  power T minus  , 

50 o v e r  18 -- i t  t u r n s  o u t  t o  b e  1 . 4 5 ,  a h j c h  was  r . t o o  
d i f f e r e n t  from t h e  1.52 which  we g o t  o n  a  b a s i s  a i ~ a  t h e  RAE 
d a t a .  S o  w e  w i l l  s e t t l e  o n  s a y i n g  1 . 5 0  a s  b e i n g  a  r e a s o n a b l e  
number b a s e d  o n  t h e  i n f o r m a t i o n  w e  have  a t  h a n d .  

S o  l e t  u s  p r o c e e d  t h e n .  

We w i l l  r e c o n s t r u c t  o u r  mode l .  We w o n ' t  c h a n g e  t h e  
n a t u r e  o f  our  b a s i c  a s s u m p t i o n s .  We w i l l  g o  t o  -- w e  w i l l  u s e  
1.5 a s  t h e  number w h i c h  h a s  t o  b e  r a i s e d  to  t h e  power e x p r e s s e d  
i n  t h e  t e i a p e r a t u r e ,  and w i l l  u s e  t h e  most  r e c e n t  experimental 
d a t a  f rom t h e  1966 G u l t o n  ce l l s  o f  6500 c y c l e s  t o  f a i l u r e  
a t  68" and 60 p e r c e n t  d e p t h  o f  d i s c h a r g e .  And t h a t  g i v e s  u s  
a  b a s i c  d e g r a d a t i o n  r a t e  v a l u e  f o r  t h o s e  c o n d i t i o n s  o f  6 .1  
p e r c e n t  p e r  t h o g s a n d  c y c l e s .  

And if we c a n  see t h e  hext .  

( S l i d e  152.) 

And t h a t  g i v e s  u s  t h e s e  d e g r a d a t i o h  cttrves a s  a 
f u n c t i o n  o f  d e p t h  o f  d i s c h a r g e  and t t m p e r n t u r e ,  and the s t a r  





1 h43 p o i n t  i n  t h e r c  is a  r e a l  d a t a  p o i n t .  The res t  o f  them a r e  
j u s t  s t r a i g h t  l i l ies \ \ h i c h  we s a i d  d e r i v e d  o n  t h e  b a s i s  o f  
o u r  a s s u n i p t i o ~ l s  and also t h c  c o r r e c t i o n  of t h e  v a l u e s  o f  t h e  
c hange  o f  s l o p e  f o r  t e m p e r a t u r e .  

Now, t h a t  wraps  u p  t h e  model b u i l d i n g .  and  t h a t  
l a s t  set of l i f e  c u r v e s  w h i c h  w e  have  s h o w e d  you is  t h e  
b a s i s  w h i c h  we w i l l  u s e  t o  p r e d i c t  l i f e  i n  t h e  new C r a n e  
tests i n s o f a r  a s  w e  c a n  d o  i t  on  t h e  b a s i s  o f  c h a n g e s  i n  
d e p t h  o f  d i s c h a r g e  and t e m p e r a t u r e .  

Ye d i d  s o m e t h i n g  e lse  i n  making t h o s e  p r e d i c t i o n s  
a l s o .  We s a i d .  well, w e  have  had now .two n i c e  jumps i n  p e r -  
f o r m a n c e .  We w i l l  s a y  wlien w e  get: a n o t h e r  o n e  i t  b i l l  b e  
1 0  p e r c e n t  bet ter .  Maybe i t ' s  g o i n g  t o  t u r n  o u t  t o  be con-  
s i d e r a b l y  more t h a n  t h a t ,  b u t  a n p a y ,  i t  makes u s  c o n s e r v a t i v e  
and we can c h a n g e  o u r  model  a s  w e  go -- I mean c h a n g e  numbers 
o n  t h e  model  a s  w e  g o .  

I would  l i k e  to  d i s c u s s  c h i s  a  l i t t l e  b i t ,  t o  d i s c u s s  
t h e  model a  l i t t l e  b i t ,  and  p o i n t  o u t  t h a i  i n h e r e n t l y  t h i s  
model  encompasses  t h e  d i s c h a r g e  r a t e  v a r i a b l e  w h i c h  was  worked 
i n t o  our  m a t r i x  u p  t o  v a l u e s  o f  2C where  t h e  d i s c h a r g e  t i m e  was  i 
pegged a t  30 m i n u t e s ,  and  a l s o  I t h i n k  1C f o r  t h e  c h a r g e .  . , 

We w i l l  s a y  t h e n  t h a t  t h e  mode l ,  a s  i t  s t a n d s ,  is 
a n  e x a c t  r n a t h c m a t i c a l  d e s c r i p t i o n  of c y c l e  l i f e  b e h a v i o r  
b a s e d  o n  t h e  a s s u m p t i o n s ,  and t h e  a s z u m p t i o n s  h a v e  b e e n  p u t  3 
i n t o  a c c o r d  w i t h  t e s t  e x p e r i e n c e  t o  t h e  e x t e n t  now p o s s i b l e .  
And, o f  c o u r s e .  i t ' s  h e a v i l y  w e i g h t e d  o n  t h e  b a s i s  o f  test 
e x p e r i e n c e  i n  t h e  r a n g e s  o f  25 t o  60 p e r c e n t  DOD and  68 t o  
1 0 4 O ~ .  i 

Now, t h e  model i t s e l f  d o e s  n o t  d e a l  w i t h  f a i l u r e  
mechanisms,  a l t h o u g h  w e  a r e  t a c i t l y  assumil:g t h a t  f a i l u r e  
is a r r i v e d  a t  t h r o u g h  d e g r a d a t i o n  o f  t h e  a c i d  m a t e r i a l  and 
t h e  p l a t e s '  c a p a b i l i t y  t o  p r o d u c e  c a p a c i t y .  And r e a l l y  
t h a t ' s  t h e  k i n d  of a  f a i l u r e  mode w e  would  most r a t h e r  h a v e ,  
b e c a u s e  i f  t h a t ' s  t h e  way t h e y  f a i l ,  t h e n  we a r e  g e t t i n g  t h e  
u l t i m a t e  o u t  o f  o u r  b a t t e r ?  f o r  a n y  p a r t i c u 7 a r  c o n d i t i o n .  

I f  t h e y  e x p l o d e ,  i f  t h e y  l e a k ,  or  i f  t h e y  d o  o t h e r  
t h i n g s ,  t h e n  we a r e  n o t  p u s h i n g ,  w e  a r e  n o t  g e t t i n g  a l l  t h a t  
t h e  b a t t e r y  i t s e l f ,  t h e  a c t i v e  m a t e r i a l  anyway, t h e  electro- 
c h e m i c a l  p a r t  o f  t h a t  s y s t e m  is c a p a b l e  of p r o d u c i n g .  

We migh t  a l s o  s a y  t h a t  p r e m a t u r e  f a i l u r e s  by  i n t e r n a l  
s h o r t c i r c u i t i n g  o r  c a s e  o r  t e r m i n a l  l e a k a g e  i n  t h e  vncuum e n v i -  
r o n m e n t ,  o r  e x p o s i n g  them t o  p r e s s u r e  b u i l d u p ,  m i g h t  e v e n  
b e  p r * e d i c t a h l ~  i f  t h e  t h i n g s  t h a t  a r e  p i*oducing d e g r a d a t i o n  
o f  t h e  c a p a c i t y  a l s o  r e s u l t  i n  t h e s e  o t h e r  t h i n g s  o c c u r r i n g ,  

; ',' 

K o w ,  a s  i t  s t a n d s ,  t h e  n o d e 1  p r e d i c t s  i n f i n i t e  l i f e  :: 
for  0 p e r c e n t  d e p t h  o f  d i s c h a r g e  a t  a n y  t e m p e r a t u r e ,  and i t  



11\34 p r c J i c t s  zero l i f e  a t  100 p e r c e n t  d e p t h  o f  d i s c h a r g e .  Now 
lct u s  l o o k  at; t h i s  f i r s t  o n e  ot' t h e s e  s t n l e m c n t s .  

We know v e r y  well t h a t  t h e  N.Cd ce l l  h a s  a 
f i n i t e  r a t e  of s e l f  d i s c h a r g e  and i t  is q u i t e  low a t  temp- 
e r a t u r e s  a r o u n d  500  b u t  i t  gets p r e t t y  h i g h  i f  you go u p  
t o w a r d  100 o r  o v e r .  Z e r o  p e r c e n t  d c p t h  o f  d i s c h a r g e  corres- 
ponds ,  c o n s e q u e n t l y ,  t o  tllc c o n d i t i o n  o f  c o n s t a n t  t r i c k l e  
c h a r g e  a t  t h e  p r o p e r  t o  j u s t  b a l a n c e  o u t  d i s c h a r g e  w i t h  
any  p a r t i c u l a r  t e m p e r a t u r e .  And t h e  infolomat  i o n  which  we 
have been  g e t t i n g  y e s t e r d a y  f rom TRU' and Huglies is t h e  k i n d  
o f  i n f o r m a t i o n  t h a t  w e  n e e d ,  a g a i n  t o  l o o k  a t  t t , e s e  low 
d e p t h  o f  d i s c h a r g e  c o n d i t i o n s .  

Now, r e g a r d i n g  100 p e r c e n t  d c p t h  o f  d i s c h a r g e ,  
t h e  model c a n n o t  b e  e x a c t  e i t h e r .  b e c a u s e  w e  h a v e  s e e n  c a s e s  
where c a p a c i t y  h a s  improved a  l i t t l e  v e r y  e a r l y  i n  c y c l e  
l i f e .  But  t h i s  improvement e f f e c t  is s o  s h o r t - l i v e d  t h a t  
t h i s  l i m i t i l l g  c o n d i t i o n  i s  r e a l l y  a l m o s t  c o r r e c t .  

And f i n a l l y .  i f  t h e  p e r c e n t  d e p t h  o f  d i s c h a r g e  is 
c a l c u l a t e d ,  a s  !.s u s u a l .  o n  t h e  b a s i s  o f  a  nomina l  c a p a c i t y  
r a t h e r  t h a n  t h e  a c t u a l  i n i t i a l  c a p a c i t y ,  t h e n  t h e  d e f i n i t i o n *  
o f  100 p e r c e n t  d e p t h  o f  d i s c h a r g e  would have  to  be corres- 
p o n d i n g l y  a d j u s t e d .  

One more c u r v e ,  p l e a s e .  

\Ye c a n  t a k e  -- o h ,  t h a t ' s  t h e  f i n a l  wrap-up o f  
c y c l e  l i f e  v e r s u s  d e p t h  o f  d i s c h a r g e .  

Next  c u r v e ,  p l e a s e .  

( S l i d e  1 5 4 , )  

T h i s  is a n a r r h e ~ i u s  p a r t  o f  t h e  d e g r a d a t i o n  r a t e  
d a t a ,  and i f  you u s e  i t  and c a l c u l a t e  t h e  a c t i v a t i o n  e n e r g y  
f o r  t h e  d e g r a d a t i o n  mechanism, i t  t u r n s  o u t  t o  be 6 - p l u s  
k i l o c a l o r i e s .  T h i s  k i n d  of a  v a l u e  we a r e  commencing t o  
see a  l o t  i n  b a t t e r y  c l m n i s t i * y .  F o r  i r l s t a n c e ,  I r e p o r t e d  
o n  a c c e l e r a t e d  l i f e  t e s t i n g  o f  p r i m a r y  b a t t e r i e s .  and t h e  
f a i l u r e ,  t h e  d e g r a d a t i o n  r a t e ,  For  tlicse w a s ,  I t h i n k ,  7 , 0 0 0  
c y c l e s .  S o  I d o n ' t  know what t h i s  means  e x a c t l y .  I j u s t  
b r o u g h t  i t  u p  a s  a  p o i n t  o f  i n t e r e s t .  

Now I would  l i k e  t o  r u n  my own c r i t i q u e  and my 
own mode l .  Then you g u y s  c a n  t e a r  i t  a p a r t  a s  you see -- 
a s  you p l e a s e .  

T h e r e  is o n e  o t h e r  t a c i t  axxumpt ion  t h a t  h a s  b e e n  
made i n  b u i l d i n g  this model ,  and i t  is t h i s ,  t h a t  t h e  r a t e  
of c a p a c i t y  d e g r a d a t i o n  -- W c l l ,  i t ' s  Ilot " t a c i t , "  1 #lcSS, h 
i t ' s  more t h a n  t a c i t .  
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1 d o n ' t  care whether t h a t  c u r i a  t u r n s  o u t  t o  be 
l i n e a r  o r  not ,  because a c t u a l l y  L t h h : :  i t ' s  more l i k e  an 
I! I t  S shape, 

( S l i d e  l54s, ) 

9 u t  as cycle  l i f e  p rogresses ,  the c a p a c i t y  
degracies o : ~  a curve  l i i r c  t h a t ,  I.1hcChcr i t ' s  a s l c p l e  natter 
t o  ge t  a ~*eyrcse : ; t a t ive  equatio:? I'or this k i n d  of a curve ,  
if rie l-nex this was really t r u e ,  and u s e  t h a t  i n s t e a d  of 
l i x a r  r e l a t i o m h i p  vh ich  vie hrtve already used t o  glvc IS a 
rcfinerxn-l on oar nocicl, t h i s  would be the1 n a r c  r e a l i s t i c  
i n  terns o f  t ;ha t t s  actcally happening. 

??e have to irnotr what t h e  shape o f  t h a t  cu rve  i s  
-.  first ,  a t d  tre don ' t  y e t ,  I d ~ n ' t ;  be l ieve .  1 t h i n k  it's 

t h i s ,  b u t  :l.tm not  surc,  :Jell, anymy, 11si.n~ t h o  l i n e a r  
r c l a t i o n s h l p ,  how s e r i o u s  i s  it? 

I dontt th in : ;  we would even care  abouG whether i t ' s  
l i n e a r  or not  if it were t o  bccocle even a_nproxi::~lz'iely t r u e  
a t  h igh  nur.i.5ers of c y c l e s ,  ixccase  tha ' i l s  vhme :.re piant t o  
rea1l.y be .  Wc want t o  be i n  a c o n d i t i o n  where we can get  
h igh  numbers of  c y c l e s  in s c r v i c c ,  

And i f  it s a c t u a l l y  as shaped, a s  sho:;il here,  t h e n  
t h e  shanc of  the curve  at l a q e  !: ::::e~s o' cy-les vrould be 
c o n t r o l l i n g  f o r  low de:~ths of discharge and  low t c r ~ e r a t u r e s ,  
and it  t!ould be t h e  shape oC t h i s  curve  i f  m a l l  cycle :xnbcrs 
;.rould be 2on%roli i r ,g  f o r  l a r g e  dep ths  of' discharge and high 
tempera tures ,  

So wc might even r e s o l v e  t h e  s i tua85.m t h i . ;  way and 
make it a l i t t l e  b j . t  sicpler t h a n  u s i n g  t i le  equa t ion  for t h i s  
curve b u t  tihat we got i s  this. And the next; s t e p  which 1 arn 
going t o  do i s  t o  tal-t? t h e s e  two intersectin5 s t r a i g h t  lines 
and r e b u i l d  the model on %hat basis, if I can ~ c t  enouch 
i n f o m a t i o n  to t e l l  we vshatts f~appeninl:  o r  approximate it 
anytray 





I:os:, tal;.ir~; about  si:;all d c  jtths oi' L ' i  scilar~cs arxl 
cyclo  numbers and loti terpcratures, the values of the degra- 
dat ion  rate arc hl$Cl.;t unce:*tain. We Just don't  kave enough 
informtiion f o r  those i : lnd~ of conditions t o  ~ i v t 3  us ~ o o d ,  
firm numbers. O r  either the scatter i n  the i n f o m a t i o n  we 
have not: i s  so bad thaL you 1:;il;ht as t:oll draw 011o ereat, 
b i g  circle f o r  a point  dov:; i n  that p a r t  of the graph. 

Now, a t  the other end, that is, high depth of dis- 
charee and te~peraturen, nc Ravc litth data a ~ a i n  Lo describe 
the degraclation rates as, except that xc lmo:.: t h e i r  values 
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l h40  
3 nnd we can '  t o p e r a t e  pisac t i c a l  l y  unde r  t h o s e  c a n d i  t i o w  any- 

way.  So, a s  fnr ns t h e  n~adel if; c o ~ x c r n c d ,  i t ' s  nice t o  J 
have i t  n11d ntnybc we u o u l d  be  a b l e  t o  use i t  t o  p r e d i c t  l i f e  { 
and maybe we w o n ' t ,  depending on how good a resemblance t i re  i 
model a c t u a l l y  is t o  i 

i 

Now, what w e  want t o  do r e a l l y  is t o  o p e r a t e  s p a c e  j 

ce l l s  n t  maximum d e p t h  o f  d i s c h a r g e s  ulrich a r e  c o n s i s t e n t  
w i t h  t h e  d e s i r e d  c y c l e  l i f e ,  and we would l i k e  t o  bz a b l e  to  
o p e r a t e  them a t  a s  h igh  a  t empera tu re  a s  p o s s i b l e ,  And for 
lower o r b i t i n g  v e l ~ i c l e s ,  w e  a r e  t a l k i n g  now t h a t  we would 
l i k e  to  have l i f e  f o r  f i v e  y e a r s  and 25,000 c y c l e s ,  

We c a n  g e t  t h i s  a l l  r ight .  T h i s  i n f o m a t i o n ,  even 
t h e  excellent i n f o r m a t i o n  t h a t  we have s a y s  we c a n  do  i t ,  
b u t  w e  d o n ' t  r e a l l y  have t h e  i n f o r m a t i o n  y e t  a l l i ch  s a y s ,  a l l  ' 

r i g h t ,  how fa t*  c a n  we push t h i s  b a t t e r y  toward maximum d e p t h  
o f  d i s c h a r g e  and e l e v a t e d  t e m p e r a t u r e s  a n d  still a i low u s  to  
do i t? 

Okay, Now, how would w e  u s e  t h i s  t o  p r e d i c t  c y c l e  
l i f e  f o r  f i v e  y e a r s  and 25 ,000  c y c l e s  and g e t  u s ,  l e t ' s  s a y ,  
a  r e l i a b l e  a c c e l e r a t e d  test? Well, you go toward the h i g h e r *  
d e p t h s  o f  d i s c h a r g e s  and t h e  h i g h e r  t e m p e r a t u r e s  t o  a c c e l e r a t e  
and i f  t'nis k ind  of a  model is r e p r e s e n t a t i v e  of  w h a t ' s  
r e a l l y  happening,  o r  i f  vc can the model t o  someth ing  
t h a t  is more n e a r l y  r e p r e s e n t a t i v e  of w h a t ' s  a c t u a l l y  happening,  
t h e n  we have a t o o l  fo r  p r a d i c t i o n ,  because  w e  have t h e  mathe- 
m a t i c a l  r e l a t i o n s h i p .  

Okay. T h a t ' s  about  a s  much a s  have t o  s a y ,  and 
the f l o o r  is open .  

DUNLilP: One comment. You t a l k  about  c a p a c i t y  
d e g r a d a t i o n .  Are you t a l k i n g  about  c a p a c i t y  t o  a  c e r t a i n  
v o l t a g e ?  

LANDER: Yes. 

DUKLOP: What v o l t a g e ?  ' 

LANDER: T h i s  p a r t i c u l a r  set o f  g r a p h s  w a s  based  
on  1.0 v o l t s .  The Crane  test d a t a  is go ing  t o  b e  r u n  down 
t o  0 v o l t s ,  I t h i n k .  

DUNIAP: The d e g r a d a t i o n  on t h e  b a s i s  o f  c a p a c i t y  
a t  0 v o l t s  I d o n ' t  t h i n k  you w i l l  see i t .  

LANDER: See what? 

DUNIDP: I d o n ' t  t h i n k  you w i l l  see a d e g r a d a t i o n .  : 
You won' t  see i t .  A t  l e a s t  a l l  the test d a t a  we r e c e i v e d  and ! 



l h47 t h e  test d a t a  I received f rom Hughes and  other c o m p a n i e s  o n  5 

c e r t - n i n  bat tcri es made b y  certain ttmauf a c t u r u r s ,  sllcw a n  1 a c t u a l  i n c ~ ~ c a s e  i n  c a p a c i t y  w i t h  c y c l i n g ,  n o t  a  d e c r e a s e .  1 I am n o t  d e b a t i n g  t h e r e  is . f a i l u r e  mechanism or  d e g r a d a -  t 
t i o n  mechanism t h a t  comez i n t o  p l a y .  I d o n ' t  t h i n k  i t ' s  
c a p a c i t y  o f  t h e  p o s i t i v e  e l e c t r o d e  t h a t  is -- t h a t  you 
o b s e r v e d  as  i n c r e a s i n g  i t  . 

LANDER: I ' l l  a n s w e r  t h a t  by  s a y i n g  y e s ,  t h c r e  is 
a  s i t u a t i o n  i n  which  you c a n  g e t  z e r o  d e g r a d a t i o n  f r o m  zero 
v o l t s ,  o r  a p p r o a c h  i t  anyway, and t h e  s i t u a t i o n  is f o r  a 
h i g h  r a t e  of d i s c h a r g e  -- well, w h a t e v e r  i t  t u r n s  o u t  t o  be ,  

I h a v e  some a i r c r a f t  b a t t e r i e s ,  f o r  e x a m p l e ,  t h a t  
a r e  a p p r o a c h i n g  -- well, r i g h t  no8 t h e y  may be 30 p e r c e n t  . 
of t h e i r  o r i g i n a l  c a p a c i t y .  We c a n  s t i l l  get a l l  t h e  c a p a -  
c i t y  o u t  i f  you a r e  w i l l i n g  t o  go t o  a  low r a t e  and a c c e p t  
zero as t h e  l i m i t  o f  v o l t a g e .  

DUNLOP: The  p o i n t  I am making is s i m p l y  t h a t  
t h e r e  a r e  o b v i o u s l y  . d e g r a d a t i o n  mechanisms . However you 
e q u a t e  them i n  y o u r  e q u a t i o n s ,  you a r e  g o i n g  t o  g e t  t o  some , 
p o i n t  w h e r e  there a r c  c e r t a i n  f a c t o r s  t h a t  r e l a t e  t o  d e g r a d -  
a t i o n .  I g u e s s  what  I am s a y i n g  is  I d o n ' t  b e l i e v e  c a p a c f  t y  
is t h e  c r i t e r i a  t h a t  you s h o u l d  u s e  a s  y o u r  d e g r a d a t i o n .  

LANDER: Okay,  w h a t  would  you l i k e  to  u s e ?  

DUNLOP: T h a t ' s  wha t  you s h o u l d  be f i n d i n g  o u t  i n  1 
y o u r  tests.  

( L a u g h t e r  .) 
x 

LANDER: L e t  m e  t e l l  you why I u s e  c a p a c i t y ,  okay? 
I f  you m e a s u r e  c a p a c i t y  a t  a  g i v e n  r a t e ,  i t  c e r t a i n l y  d o e s  

Z 
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d e g r a d e .  And t h a t  r e p o r t  o f  RAE'S, f o r  example ,  shows i t  
v e r y  t h o r o u g h l y .  And i t  d o e s  d e g r a d e  a l o n g  some sort  of a 
c u r v e  l i k e  t h i s ,  and I t h i n k  I know wha t  t h e s e  b r e a k s  mean. I 
I t h i n k  t h i s  is bound u p  w i t h  t h e  inefficiency of t h e  p o s i -  / 
t i v e  p l a t e ,  c h a r g e  i n e f f i c i e n c y .  i 

I n  t h i s ,  now, a f t e r  you get r i d  o f  t h a t  p a r t i c u l a r  
+ 
i 
! 

c o n t r o l l i n g  c o n d i t i o n ,  you r u n  i n t o  a n o t  h e r  o n e  w h i c h  t h e n  
becomes n e g a t i v e  p l a t e ,  v a r y  slow d e g r a d a t i o n  o f  c a p a c i t y  
i n  t h e  n e g a t i v e  p l a t e ,  

SULKES: S u l k c s ,  USAECOAf. I t ' s  o r a t h e r  i n t e r e s t i n k  
c u r v e .  Do you t h i n k  t h e r e  c o u l d  be a n y  r e l a t i o n s h i p ,  let 's  
s a y ,  be tween c e r t a i n  s t a n d  c o n d i t i o n s  and  t h e  low d e p t h  o f  
d i s c h a r g e ?  That  is, we c o u l d  s a y  a  y e a r  s t a n d a r d  a t  a  c e r t a i n  
t e m p e r a t u r e  i s  i n  cf f e c t  e q u i v a l e n t  to so many c y c l e s  a t  5 
p e r c e n t  d e p t h  where  you c a n  t a k c  c a r e  of t h e s e  s t a n d  c o n d i -  
t i o n s ,  u s i n g  t h e  same e q u a t i o u ?  



lh-48 LANDER: A c t u a l l y  I have donc i t ,  b u t ,  a s  I s a i d ,  3 
tlrc low r a t e s ,  t l w  10% dcpl lw of t l i r ; c l \ a~ -pc .  i n  a l l .  t c l n p e r a t u r e s ,  0 
tlrc d a t a  is e x t r c n e l y  u i ~ c e r t a i n .  And 1 t h i n k  t h a t  t h e  k i n d  1 
of d a t a  t h a t  was  g i v e n  by  TRW, Ifugltcs, and Comsat y e s t e r d a y  i 

i 

g i v e s  u s  more i n f o r m a t i o n  a b ~ u t  t h a t  s i t u a t i o n  t h a n  n n y t h i n g  % 

else we have  y e t .  

LACKNER: T h i s  q u e s t i o n  i s n ' t  n e c e s s a r i l y  d i r e c t e d  
t o  D r .  L a n d e r .  P e r h a p s  t h e  m a n u f a c t u r e r .  We h o a r d  t h e  com- 
ment " s t a n d a r d  b a t t e r y , "  and  we have  a  l i f e  p i * e d i c t i o n  model ,  
a n d  s e v e r a l  of t h e  m a n u f a c t u i * e r s  d i d  s a y  t h a t  you c o u l d  d e s i g n  
a vacuum f o r  low t e m p e r a t u r e  o p e r a t i o n  t h a t  may n o t  work a t  
h i g h ,  for  h i g h  d e p t h  o r  low d e p t h ,  and v i c e  v e r s a .  

P e r h a p s  f o r  s t a n d a r d i z a t i o n  o f  c e l l s  w e  s h o u l d  t r y  
t o  s t a n d a r d i z e  n o t  o n l y  c a p a c i t o r s ,  t h e  p h y s i c a l  size,  b u t  rrn 
a p e r f o r m a n c e  l e v e l  t h a t  you want  f o r  y o u r  h i g h  t e m p e r a t u r e  
cel l  or low t e m p e r a t u r e  ce l l ,  a  h i g h  d e p t h  o f  d i s c h a r g e .  

Then t h e s e  p r e d i c t i o n  mode l s  p e r h a p s  c o u l d  be a l o t  
more a c c u r a t e ,  because w e  w o u l d n ' t  g e t  t h e  randomness  of t h e  
d i f f e r e n t  d e s i g n s  i n t o  i t .  And if t h e r e  a r e  a n y  o f  t h e  
m n n u f a c t u r e r s  t h a t  c a r e  to comment o n  how we c o u l d  come u p  
w i t h  s t a n d a r d  d e s i g n s  a c c o r d i n g  t o  f u n c t i o n  1*,1ther t h a n  cnpa- 
c i t y ,  I would bc v e r y  happy t o  h e a r  i t .  

LANDER: I t h ~ n k  t h a t  is a  good po in t .  I w i l l  let 
t h e  m a n u f a c t u r e i * ~  answer i n  a moment. I h a v e  one t h i n g  t o  
s a y  f irst .  T h i s  n a v  be a l l  right where you c a n  c o n t r o l  y o u r  
t e m p e r a t u r e  and e n v i r o n m e n t ,  b u t  i n  a i r c r a f t  b a t t e r i e s ,  f o r  
example .  we have  t o  c o v e r  an a w f u l  r a n g e  o f  t e m p e r a t u r e s .  
And we h a v e  some v e r y  h i g h  r a t e  pe r fo rmance  s i t u a t i o n s  t o  
meet. Any other  comments, s a y ,  f rom t h e  m a n u f a c t u r e r s ,  o n  
i t .  

FORD: F o r d ,  NASAIGoddard. I am n o t  a m a n u f a c t u r e r .  

Two f . .:r. 'us, o n e  w i t h  r e g a r d  t o  D u n l o p ' s  comment 
a b o u t  t h e  capa .  . a t  zero v o l t s .  N h i l o  i n  s y n c h r o n o u s  o r b i t ,  
we d o  h a v e  a VL-  r.eal i n c r e a s e  i n  c a p a c i t y  . Vie d o n '  t n e c e s -  
s a r i l y  see t h a t  -- t h o  c a p a c i t y  a t  z e r o  v o l t s  d o e s  d e f i n i t e l y  
d e g r a d e .  I t ' s  a f u n c t i o n  of d e p t h  o f  d i s c h a r g e .  

I g u e s s  i n  t h o  l a s t  two or t h r e e  y e a r s  i n  t h e  C r a n e  
test program we c o n f i n c d  c a p a c i t y  t o  o n e  v o l t .  b u t  t h e y  a r e  
a l so  t e s t i n g  n number o f  p a c k s  now from a h a l f  a v o l t  to  zero 
v o l t s  wf t h  a c a p a c i t y  test. We a r e  s e e i n g  what t h e  dynamic 
o f  tlw c a p a c i t y  be tween  o n e  v o l t  and zero v o l t  is. 

The  s e c o n d p i n t  w i t h  r e g a r d  to y o u r  c u r v e ,  I would  
l i k e  t o  t a l k  t o  you aftor t h o  meeting sometime, b e c a u s e  I have 



111-49 some d a t a  t h a t  p r e t t y  well i n d i c a t e s  t h e  "Sw shape  f u n c t i o n  
t h a t  you have i n d i c a t e d  f o r  three d e p t h s  o f  d i s c h a r g e .  

LANDER: Grea t ,  f would l i k e  t o  u s e  i t .  

STEINHAUER: You " r d i c a t e  t h a t  your  d e g r a d a t i o n  
may be  a p o s i t i v e  de t e rminan t  a t  lower d a p t h s ,  a:d a nega- 
t i v e  de t e rminan t  a t  h i g h e r  d e p t h s .  

LANDER: No, t h a t ' s  n o t  d e p t h .  T h i s  is c y c l e  n u r b e r .  

STEINHAUER: Okay. Do you b e l i e v e  t h a t  t h e  n e g a t i v e  
p l a t e  -- c a n  you e x t r a p o l a t e  t h a t  n e g a t i v e  p l a t e  a t  a lower 
p a r t  o f  t ha t .  s l o p e  back? Do you b e l i e v e  t h a t  t h a t  p l a t e  h a s  
been deg rad ing  a t  t h a t  r a t e  a l l  t h e  time o r  t h a t  i t  is an 
i n t e r a c t i v e  t h i n g  w i t h    he p o s i t i v e ?  

LM!fER: I r e a l l y  c a n ' t  answer t h a t .  I t h i n k  i t  is 
an i n t e r a c t i n g  s i t u a t i o n ,  and t h u s  e a r l y ,  v e r y  e a r l y  loss i n  
c a p a c i t y  is q u i t e  marked a t  hi : .?  t e m p e r a t u r e s  and h igh  d e p t h s  
o f  d i s c h a r g e .  You see i t  r i g h t  now 1 j  18, 20, 50 cvcles.  

HALPERT: They a r e  s p e e c h l e s s .  0 1 1  a l l  o f  these 
discuss ic rns  f i g u r e s  were u s e d .  Of c o u r s e .  - . e  would l i k e  t o  
have them f o r  t h e  t e x t  and f o r  t h e  p roceed iugs  whlch w i l l  
come o u t  a f t e r  t h e  meet ing .  So f o r  t h o s e  o f  you who have 
n o t  l e f t  u s  w i t h  f i g u r e s ,  ac would a p p r e c i a t e  i t  i f  you wou1.d. 
And f o r  drawings and s o  o n ,  t h e y  a o u l d  have t o  be drawn 
s e p a r a t e l y .  They w i l l  be i n c l u d e d .  

. A l s o  I n i g h t  add i f  you were h e r e  today  and you 
w e r e n ' t  h e r e  y e s t e r d a y ,  would l i k e  t o  have your  name and 
a d d r e s s  f o r  o u r  r e c o r d .  The re  a r e  some pages  u p  f r o n t  h e r e  
foA* you t o  s i g n  i n  w i t h .  

Our nex t  s p e a k e r  is going  now to  pu t  some of t h e s e  
p r e d i c t i o n s  t o  l i f e  and t a l k  about  l i f e  c y c l i n g  o f  n i c k e l -  
cadmium cel ls .  B i l l  Harsch o f  Eagle P i c h e r .  

HARSCN: For t h e  l a s t  two and a h a l f  y e a r s  a t  o u r  
f a c i l i t y  we have been c o n d u c t i n g  a n  a c c e l e r a t e d  l i f e  test on  
some nickel-cadmium c e l l s .  The test was futlded j o i n t l y  by 
Eag le  P i c h e r  in-house f u n d i n g  and Lockl~ecd Slissi l o  and Space 
company. 

The i n t e n t  of t h e  test was s e v e r a l - f o l d  i n  t h e  
beg inn ing ,  however a s  i t  ended up  u e  o n l y  had one gleoup o f  
 cell^ go i n t o  t h e  a c t u a l  t c s t i n g  due t o  somo equipment f a i l -  
u r e s  and some wren: d e c i s i o n s  o n  cera ta ic  s e a l s .  

What w e  have is o n e  pack o f  s i g h t  cel ls  w h i ~ . ~  n w e  
f o u r  d i f f e r e n t  s cpa ra to r r i ,  two nonwoven nylon of  LO m i l  and 
8 m i l ,  and two nonwoven polypropylene  o f  10 and 8 m i l .  Tho 
q n t e n t  was to  k e e p  a s  inany t h i n g s  tlic same a s  we c o u l d ,  so 



l h 5 0  c o n s c q u c n t l y  we v a r i e d  t h e  t h i c k ~ i e s s  o f  t h e  c e l l  to nccommo- 
d a t e  t h c  h e a v i e r  s e y a r a t o l <  so t h a t  ~c c o u l d  m a i n t a i n  a s  
c lose t o  t h e  saliie c e l l  c o m p r e s s i o n  a s  we c o u l d .  The  electro- 
l y t e  l e v e l s  are b a s i c a l l y  t h e  same on a l l  t h e  ce l ls .  

The ce l l s  a r e  c y c l e d  a t  33 p e r c e n t  d e p t h  o f  d i s -  
c h a r g e .  T h e s e  a r c  r a t e d  4 5  ampere -hour  ce l l s .  The 
t e m p e r a t u r e  a g a i n  o n  t h e  c h a r t  i t  shows 4 0  d e g r e e s .  I t  is 
n o t .  The ce l l  p a c k s  a r e  s t a b i l i z e d  a t  54 d e g r e e s ,  and t h e y  
v a r y  a p p r o x i m a t e l y  two or  t h r e e  d e g r e e s  d u r i n g  t i l e  c y c l e .  

What we d i d  t o  a c c e l e r a t e  t h e  test  wns n o t  to  
a c c e l e r a t e  any  o f  t h e  v a r i a b l e s  e x c e p t  f o r  t h e  c y c l e  time. 
Our i n t e n t  was t o  see how inany c y c l e s  ve c o u l d  g e t  from t h e  
c e l l s  u n d e r  c o n d i t i o n s  t h a t  t h e  c e l l s  would  n o r m a l l y  see. 
And i t  was  g e a r e d  toward  a  f l i g h t  program so t h e r e  was  no 
i n t e n t  t o  make i t  a  c l a s s i c  t y p e  t e s t .  

I t  is  c o n s t a n t  c u r r e n t  c h a r g e  w i t h  a v o l t a g e  c l a m p  
o n  t h e  power s u p p l y  so t h a t  a s  we approach  end  of c h a r g e  w e  
h a v e  a  s l i g h t  c u r r e n t  d r o p .  I t ' s  a c o n s t a n t  r e s i s t a n c e  d i s -  
c h a r g e .  

Would you p u t  t h e  first s l i d e  o n ,  p l e a s e ?  

( S l i d e  1 5 6 . )  

What I p l o t t e d  h e r e  was  t h e  end o f  c h a r g e  and e n d  
of d i s c h a r g e  v o l t a g e s .  T h e s e  c e l l  numbers  h e r e ,  t h e  t o p  two 
ce l l s  a r e  two ce l l s  t h a t  h a v e  t h e  1 0  m i l  nonwoven p o l y p r o p y l e n e .  
The m i d d l e  two c e l l s  a r e  t h e  1 0  m i l  nonkoven n y l o n .  The  n e x t  
two c e l l s  a r e  t h e  8 m i l  p o l y p r o p y l e n e ,  and t h e  b o t t o m  two 
c e l l s  a r e  t h e  8 m i l  nonwoven n y l o n .  

And, a s  you c a n  see, f o r  t h e  f i rs t ,  a t  l e a s t  f i r s t  
5 , 0 0 0  c y c l e s ,  t h e r e  was  v e r y  l i t t l e  d i f f e r e n c e  i n  a n y  o f  t h e  
c e l l s  They looked*  q u i t e  i d e n t i c a l .  From t h a t  p o i n t  o n ,  
w e  began  t o  see some v o l t a g e  d e g r a d a i i o n  i n  t h e  p o l y p r o p y l e n e  
c e l l s  u p  h e r e ,  and o n  o u t  t o  1 0 , 0 0 0  c y c l e s .  

A t  1 0 , 0 0 0  c y c l e s  we c o n s i d e r e d  t a k i n g  t h e  f i r s t  cel l  
o u t .  I t  was  a p p w a c h i n g  1.1 v o l t s .  However, we l e f t  i t  i n  
t h e  p rogram.  

P u t  t h e  n e x t  s l i d e  o n .  P 

( S l i d e  1 5 7 . )  

Now, a s  we c o n t i n u e  f rom there, a t  1 3 , 0 0 0  c y c l e s  
t h e  c e l l s  were l o o k i n g  p r e t t y  b a d ,  e s p e c i a l l y  a l l  o f  t h e  p o l y -  
p r o p y l e n e  c e l l s ,  w i t h  a  r a t h e r  n i d c  v o l t a g e  d i v e r s i o n ,  so I ' 

we r a n  a c a p a c i t y  c h e c k  o n  them a t  t h i s  time. I n c i d e n t a l l y ,  
a l l  t h e  c e l l s  new were a p p r o x i m a t e l y  4 7 ,  49 ampere h o u r s .  





l h 5 l  The  c a p a c i t y  c h e c k  n t  1 3 , 0 0 0  c y c l e s ,  t h e  n y l o n  cel ls ,  p a r -  
t i c u l a r l y  t h e s e  two,  g a v e  a b o u t  47 ampere h o u r s .  The o t h e r  
two n y l o n  ce l l s  were a b o u t  45, 46 ampere h o u r s .  Both  po ly -  
p r o p y l e n e ,  a l l  f o u r  o f  t h e  p o l y p r o p y l e n e  ce l ls  were i n  
between 25 a n d  27 ampere h o u r s .  

A f t e r  t h e  d i s c h a r g e ,  w e  p u t  a  f u l l  c h a r g e  on them 
and  a n o t h e r  d i s c h a r g e .  A l l  o f  t h e  n y l o n  ce l ls  r e c o v e r e d  
f u l l  c a p a c i t y .  T h i s  o n e  g m u p  o f  p o l y p r o p y l e n e  cel ls  r e c o v e r e d  
f a i r l y  good b a c k  to  a b o u t  44, 45 ampere h o u r s .  T h e s e  two cel ls  
h e r e  w o u l d n ' t  r e c o v e r  c a p a c i t y  -- w e l l ,  t h e y  d i d ,  b u t  o n l y  t o  
a b o u t  3 0  ampere h o u r s .  

So w e  p u t  them a l l  b a c k  o n  c y c l e  a g a i n  a o d ,  a s  you 
see, t h e  two cel ls  h e r e  q u i t e  r a p i d l y  f e l l  o u t .  Again  t h e y  
went  o u t  a t  1 5 , 0 0 0  to 1 6 , 0 0 0  c y c l e s ,  and w e  c o n t i n u e d  t h e  
t e s t i n g .  I p l o t t e d  u p  t o  2 0 , 0 0 0  c y c l e s .  We a r e  a p p r o a c h i n g  
2 2 , 0 0 0  now, and  t h i s  ce l l  is still hooked i n t o  t h e  s t r i n g ,  
b u t  f o r  a l l  p r a c t i c a l  p u r p o s e s  o t h e r  tests were seen, l i k e  
1.56 v o l t s  a t  t h e  end  o f  c h a r g e  and a l m o s t  o n e  v o l t  a t  t h e  
end  o f  t h e  d i s c h a r g e .  

But  r e a l l y .  t h a t ' s  a l l  I had t o  s a y  a b o u t  t h e  test  
o t h e r  t h a n  t h e r e  is o n e  more t h i n g  t h a t  may be n o t e w o r t h y ,  
i n  t h a t  t h e  t h i n n e r  n y l o n  ce l l s  a c t u a l l y  l o o k  t h e  b e s t  a t  
2 1 , 0 0 0  c y c l e s .  And i f  I remember r i g h t ,  l a s t  y e a r  or  t h e  
y e a r  b e f o r e  I remember someone else f i n d i n g  t h i s  o u t  d u r i n g  
l o n g  c y c l i n g .  T h e s e  a r e  t h e  8 m i l  r a t h e r  t h a n  t h e  1 0  m i l  
n y l o a  . 

HALPERT: Are t h e r e  any  q u e s t i o n s  or comments? 

SCOTT: Were t h e  n y l o n  m a t e r i a l s  I  su* ,de red  -- 
t r e a t e d  i n  a n y  way? 

HARSCH: I am s o r r y  I d i d n ' t  m e n t i o n  t h a t .  Two 
and a h a l f  y e a r s  ago w e  d i d n ' t  know a s  much, I g u e s s  a s  w e  
d o  t o d a y ,  and we d i d  t h i n g s  t h a t  maybe we w o u l d n ' t  do  
t o d a y .  The n y l o n  c e l l s  were- t h e  same n y l o n  a s  we h a v e  been  
u s i n g  i n  a11 wmspace ce l l s .  The p o l y p r o p y l e n e  c e l l s ,  
which  were t h e  two m a t e r i a l s  t h a t  were most a t t r a c t i v e  to  
everybody  were waslied a s  i t  was  i n  most  tests, t h e y  were 
methano l  washed .  

LURIE: . What was  y o u r  reg ime?  
: 

HARSCII: I t  is a s i m u l a t i o x ~  o f  a 90-minute  o rb i t  
c y c l e .  We h a v e  c u t  t h e  c y c l e  t i m e  i n  h a l f .  I t  is a  45- 
m i n u t e  o r b i t ,  app i*ox imate ly  23  m i n u t e  c h a r g e ,  22 m i n u t e  
d i s c h a r g e ,  and  w e  have  d o u b l e d  t h e  r a t e s  t h a t  we would n o r -  
m a l l y  u s e  i n  n 90-mimute o r b i t  c y c l e ,  s o  t h e  r a t e s  a r e  a b o u t  
25 amps, somewhere i n  t h a t  n e i g h b o r h o o d ,  13 t o  15 amps, i : 

LURIE: You p u t  i n  how much more c h a r g e  o r  d i s c h a r g e ?  I : 



HARSCH: The r a t i o  works o u t  t o  be 102 p e r c e n t ,  
101 to  102 p e r c e n t ,  j u s t  enough to m a i n t a i n  i t .  I n  t h i s  
t y p e  of a  test,  " e  a r e  n o t  t r y i n g  to  d r i v e  t h e  c e l l  l i k e  
you would if you were j u s t  s i t t i n g  i n  on  t h e  bench and 
runn ing  t h e  test to  see, you know, what t h e  ce l l  l o o k s  
l i k e .  T h i s  is something w e  want t o  go f o r  some p e r i o d  of  
time, and so w e  a d j u s t  t h e  r a t e s .  w e  r ock  them i n  so t h a t  
t h e  v o l t a g e  s t a y s  t h e  same c y c l e  t o  c y c l e .  And t h i s  works 
o u t  t o  be somewhere l i k e ,  a t  t h i s  p a r t i c u l a r  t e m p e r a t u r e  
which is q u i t e  e f f i c i e n t ,  :02 p e r c e n t  maybe, i n  t h a t  
neighborhood.  

LACKNER: I f  I remember t h e  list c h a r g e  c o r r e c t l y ,  
i t  looked a s  i f  t h e  t h i n  ny lon  and t h e  t w o  cel ls  f o r  t h e  t h i n  
po lypropylene  were among t h e  best. 

HARSCH: N o .  Both of  t h o s e  were nylon  a t  t h e  end .  
Both po lyp ropy lenes  a r e  t h e  o n e s  w i t h  t h e  wide d i v e r s i o n s .  

LACKNER: Could you put t h a t  s l i d e  on  aga in?  

HARSCH: Y e s .  

( S l i d e  157.) 

These  two c e l l s  h e r e  and t h e s e  two ce l l s  a r e  t h e  
po lypropylene  ce l l s .  

HALPERT: Okay. Any o t h e r  comments, q u e s t i o n s ?  
Thank you'. 

Our nex t  s p e a k e r  h a s  a n o t h e r  approach t o  n i c k e l -  
cadmium ce l l  model ing.  Gary B i z z e l l ,  Lockheed C o r p o r a t i o n .  

BIZZELL: Could I have t h e  f i r s t  s l i d e ,  p l e a s e ?  

( S l i d e  159 , )  

My p r e s e n t a t i o n  w i l l  descz ' ibe  h i g h l i g h t s  o f  work 
t h a t  w e  have done t o  model t h e  N i C d  ce l l s .  I would l i k e  
to  r e c o g n i z e  people  t h a t  have worked w i t h  m e  ~ o u g i i  on t h e  
p r o j e c t .  I n  a d d i t i o n  t o  myse l f ,  J . E. Sl ie l ton  o f  o u r  P a l o  
A l t o  Research Laboratory h a s  he lped  i n  t h e  e a r l y  phases  o f  
t h e  model ing,  and Nr . Sheldon Kay who has  p a r t i c i p a t e d  ex t en -  
s i v e l y  i n  p r e p a r i n g  t h e  computer program t h a t  I w i l l  l a t e r  
d e s c r i b e ,  

The model b u i l d i n g  began about  a y e a r  ago i n  mid- 
1972, w i t h  t h e  o b j e c t i v e  o f  d e f i n i n g  ways of  model ing t h e  
c h a r g e  c o n t r o l ,  t he rma l  c o n t r o l  i n t e r a c t  i o n  of t h e  N i C d  
ce l l  *hen usad  on s p a c e c r a f t .  However, our attention soon 
focused  on t h e  foi*mulat ion o f  a mathemat ica l  model of t h e  
NiCd cel l .  



* 

l h 5 3  We moved i n  t h i s  d i r e c t i o n .  because  something l i k e  
t h i s  was needed,  a t  l e a s t  i n  my mind, t o  a n a l y z e  a whole  i 

c o l l e c t i o n  of  test d a t a  t h a t  I c o u l d n ' t  unde r s t and  because  
t h e r o  were t o o  many v a r i a b l e s ,  and t o  g u i d e  t h e  f o r m u l a t i o n  t 

f 
of new d e t a i l e d  c a l o r i m e t r i c  tests. 

Now I would l i k e  t o  make a n o t h e r  p o i n t  o f  r ecogn i -  
t i o n .  L a t e r  I w i l l  show q u i t e  a b i t  o f  d a t a  t a k e n  w i t h  a 
c a l o r i m e t e r  t h a t  was pu t  t o g e t h e r  a t  Lockheed sometime back, 
and h r t y  Gandel h a s  gu ided  t h e  c o l l e c t i o n  o f  t h i s  test d a t a .  
Going on t o  t h e  nex t  s l i d e .  

Our approach h a s  been t o  marry t o g e t h e r  a c e r t a i n  
amount o f  empi r i c i sm w i t h  what we hope t o  be a preponderance  
of b a s i c  e l e c t r o c h e m i s t r y .  We examined t h e  l i t e r a t u r e  and . 
compi led ,  acco rd ing  t o  o u r  t a s t e s ,  a h a t  appeared  t o  be a 
p l a u s i b l e  set o f  mechanisms. And I am s u r e  I c ~ d l d  get  a 
long  d e b a t e  an t h i s  i s s u e .  

We t r i e d  t o  n o t  be t o o  f i n i c k y .  You might d e s c r i b e  
o u r  approach a s  t a k i h g  a bag  o f  p e b b l e s  o f  a l l  d i f f e r e n t  
sizes and runn ing  a ve rv  c o u r s e  s i e v e  th rough  them, and we 
came o u t  w i t h  a handfu l  of mechanisms t h a t  we c h o s e  t o  
a t t e m p t  t o  r e p r e s e n t .  

The l i t e r a t u r e  i*eseai*ched, w e  looked f o r  p a p e r s  
where bench tes ts  were done o f  p h y s i c a l  c h e m i s t r y  t y p e  app roaches  1 . . and t r i e d  t o  t h e n  write r a t e  e x p r e s s i o n s .  c o n s e r v a t i o n  laws ,  i 

a s  w e  knew them from t h e  l i t e r a i u r e ,  and .  t h e n  assemble them- 
a l t o g e t h e r  i n t o  an e l e c t r o c h e m i c a l  s y s t e m  where w e  c o u l d  t h e n  
p rog ram ' the  mathemat ica l  e q u a t i o n s  and t h e n  t r y  t o  s i m u l a t e  
t h e  ce l l .  

Of c o u r s e ,  t h i s  is n o t  done w i t h o u t  some test d a t a  
and ,  a s  one  o f  o u r  o b j e c t i v e s ,  w e  would l i k e  t o  per form a 
minimum number o f  expe r imen t s  t o  e s t a b l i s h  t h e  model.   OW, 
t h i n g s  a r e  dynamic h e r e ,  and a s  some of  t h e  d a t a  was c o l l e c -  
t e d  we found t h a t  some t i l i ngs  we h a d n ' t  bo the red  t o  t h i n k  
abou t .needed  t o  be c o n s i d e r e d  and added i n t o  t h e  model.  

I n  a d d i t i o n ,  i n  f o r m u l a t i n g  t h e  computer  program 
o u r  approach was t o  be f l e x i b l e .  I n  other words,  e v e n t u a l l y  
pu t  t h i s  t h i n g  i n  t h e  open l i t e r a t u r e ,  and other  peop le  who 
knew a l o t  more ?.bout e l e c t r o c h e m i s t r y  t h a n  I do c o u l d  
perhaps  app ly  t h e i r  own cmphasis  to  mechanis~ns .  The model 
is v e r y  c a p a b l e  of a c c e p t i n g  a l t e r n a t e  c h o i c e s  o f  mechanisms; 
numer ics  of  t h i s  program though a r e  e x t r e m e l y  e f f i c i e n t .  

For  example, a 30-hour charge-d ischargr ;  o p e r a t i o n  
c a n  run f o r  about  30 seconds  v e r y  n i c e l y .  As a m a t t e r  of 
f a c t ,  we f i n d  t h a t  o u r  work g o e s  most e f f i c i r : . t l y  by s e t t i n g  
a t  a remote t e r m i n a l  t o  our  1108 computer  and a c t u a l l y  



c h a r g i n g  t h e  c e l l  and d i s c l u w g i n g  i t  i n  t h a t  p o s i t i o n  by 
j u s t  s i m p l y  h a v i n g  a n  1 1 0 8  i n t e r a c t  w i t h  u s .  

In  i d e n t i f y i n g  t h e  p h y s i c a l - c h e m i c a l  s t e p s  t h a t  we 
wanted  to  r e p r e s e n t ,  t h e  f i r s t  t h i n g  t h a t  w e  had t o  d o  we8 
s a y  s o m e t h i n g  a b o u t  t h e  p o s i t i v e  e l e c t r o d e .  We c h o s e  two 
v a l e n c e  d a t e s ,  n i c k e l  2 ,  n i c k e l  3,  w e  d i d n ' t  t r y  t o  add  a n y  
o t h e r  s p e c i e s .  And w e  a d o p t e d  t h e  i d e a  t h a t  t h e  a c t i o n  t a k e s  
p l a c e  o n  t h e  p o s i t i k e  e l e c t r o d e  l a r g e l y  and  t h a t  t h e  n e g a t i v e  
e l e c t r o d e  is l a r g e l y  p a s s i v e .  

S e c o n d l y ,  we t o o k  t h e  p o s i t i o n  t h a t  a t  h i g h  s t a t e s  
of c h a r g e  t h e  ce l l  p o t e n t i a l  is  s t r o n g l y  dom;.nated.by t h e  
i n e f f i c i e n c y  r e a c t i o n ,  which  is  t h e  p r o d u c t i o n  o f  oxygen .  T h i s  
is s o m e t h i n g  t h a t  I s a t i s f i e d  myse l f  i n  t h e  program o n l y  a 
c o u p l e  weeks  a g o  -- and some o f  t h e  s l i d e s  I w i l l  show w i l l  
n o t  have t h i s  i n  t h e  ' f i n a l  fo rm w e  have  i t  now. The  l a s t  
series o f  s l i d e s  t h a t  we w i l l  see h a s  p a r t  B and  I t h i n k  a n  . 
a c c e p t  a b l e  a p p r o a c h .  

The t h i r d  a s s u m p t i o n  is t h a t  t h e  oxygen g e n e r a t i o n  
1 

is c o n t r o l l e d  by t h e  k i n e t i c s  o f  t h e  r e a c t i o n  o n  t h e  s u r f a c e  
t 

o f  t h e  p o s i t i v e  e l e c t r o d e .  Of  c o u r s e ,  i t  is a  p o r o u s  elec- f . . 

t r o d e ,  and  t h e r e f o r e  w e  h a v e  t o  p r o p o s e  some k i n d  o f  t h i n ,  i 

3 ,: 

s u r f  ace l a y e r .  2 5 
i 

The f o u r t h  a s s u m p t i o n ,  t h e  oxygen  r e c o m b i n a t i o n  is  f : 

c o n t r o l l e d  l a r g e l y  by mass  t r a n s f e r  p r o c e s s e s  t o  t h e  cadmium 1" 

e l e c t r o d e ,  b u t  r a t e s  d i f f e r  d e p e n d i n g  o n  w h e t h e r  you a r e  1 
7 .  c h a r g i n g ,  d i s c h a r g i n g ,  o r  ope11 c i p c u i  t . r L - 
, , 

? ,' The  f i f t h  a s s u m p t i o n ,  t h e  s e l f  d i s c h a r g e  is d e t e r -  . ~ 

mined by c h e m i c a l  k i n e t i c s .  I t  t u r n s  o u t  t h i s  is s o m e t h i n g  
t h a t  is v e r y  m i n o r  and p robab ly  b e s t  r e p r e s e n t a t i v e  cf any- 
t h i n g  i n  t h e  w h o l e  model b u t  y e t  i t ' s  n o t  s o m e t h i n g  t h a t  o n e  7 

is i n t e r e s t e d  i n  i n  l o o k i n g  at s h o r t  term c y c l i n g  o f  t h e  
c e l l .  

F i n a l l y ,  and I s h o u l d  h a v e  s a i d  i n  e n e r g y  b a l a n c e  
h e r e ,  a s t r a i g h t f o r w a r d  e n e r g y  rjalance f o r  t h e  cel l  is  an  
a d e q u a t e  e n e r g y  S a l m c e  f o r  d e s c r i b i n g  t h e  h e a t  e f f e c t  , 
p r o v i d e d  o n e  h a s  c a l c u l a t e d  t h e  p r e v i o u s  t h i n g s  c o r r e c t l y  . 
I n  o t h e r  w o r d s ,  if we g e t  a l l  o f  o u r  i n d i v i d u a l  rates correct, 
t h e n  w e  s h o u l d  b e  a b l e  t o  compute  t h e  h e a t  e f f e c t s ,  i f  We , j 

c a n  write a good e n e r g y  b a l a n c e .  i : 
As a mat ter  of f a c t ,  t h e  f i r s t  o n e  I wrote a y e a r  

ago  was a good o n e ,  and I h a v e n ' t  c h a n g e d  i t  s i n c e ,  and t h e  



handbook v a l u e s  t h a t  I pu t  i n  there 1 have n o t  meddled with ,  
I n  a d d i t i o n  t o  t h e s e  b a s i c  s t e p s ,  t h e  program r e q u i r e s  
mechanisms f o r  open c i i x u i t  aud t r a n s i e n t s  when a l t e r i n g  
t h e  sign or magni tude o f  t h e  ce l l  f o r c i n g  c u r r e n t .  

As we t r i e d  to  put  t o g e t h e r  t h e  e l e c t r o c h e m i c a l  
sys t em,  however, we d i s c o v e r e d  t h a t  we had lo  i n c l u d e  t h e s e  
t u r n i n g  p o i n t s .  When w e  changed the f o r c i n g  f u n c t i o n ,  we 
were expos ing  o u r s e l v e s  t o  something t h a t  w e  h a d n ' t  c o n s i d e r e d  
i n  t h i s  o r i g i n a l  list. 

F i r s t  of a l l ,  w e  would l i k e  to  have a  few r e p r e -  
s e n t a t i v e  cha rge -d i scha rge  c u r v e s  f o r  v a r i o u s  t e m p e r a t u r e s  
and c u r r e n t s .  Secondly,  w e  would l i k e  to  have some ove rcha rge  
d a t a  for  v a r i o u s  t e m p e r a t u r e s  t o  e s t a b l i s h  t h e  oxygen combi- 
na t ion- recombina t ion ,  or gene ra t ion - r ecombina t ion  r a t e s ,  

T h i r d ,  w e  would l i k e  t o  see p l o t s  of t h e  ce l l  
p r e s s u r e  and c e l l  h e a t  r a t e s  f o r  comparison w i t h  t h e  s imula-  
t i o n  r e s u l t s :  i n  other words,  w e  a r e  go ing  t o  be c a l c u l a t i n g  
t h e s e  two q u a n t i t i e s ,  so why no t  measure  them d i r e c t l y  and 
c.c,mpare your t h e o r y  w i t h  expe r imen t .  

F i n a l l y ,  w e  would l i k e  to  have t h e  c e l l  free volume. 
When you do a  p r e s s u r e  c a l c u l a t i o a .  you c e r t a i n l y  w i l l  have 
t o  know t h e  free volume. And t h e n  a s  much i n f o r m a t i o n  a s  
we c a n  g l e a n  from t h e  macufac turer  of  t h e  ce l l  a s  p o s s i b l e  on  
how he  made t h e  t h i n g ,  a l l  b e n e f i t s  u s  i n  e s t a b l i s h i n g  a r e a s ,  
porosities, p e r i p h e r a l  t y p e  i n f o r m a t i o n  t h a t  is r e q u i r e d  
a s  i n p u t  t o  t h e  computer  program. 

Sometimes'we have a  f a i r l y  good list o f  i n f o m a t i o n  
from t h e  manufac tu re r ,  sometimes i t  is p r e t t y  s p a r s e ,  making 
u s  i n  a  p o s i t i o n  of having  t o  g u e s s  v a l u e s .  These  d a t a  a r e ,  
as I have l i s t e d  them,  a r e  best o b t a i n e d  i n  n c a l o r i m e t e r  
w h e r e  t e m p e r a t u r e  c o n t r o l  c a n  be ma in t a ined  and t h e  h e a t  
e f f e c t s  d i r e c t l y  measured.  And w e  a t  Lockheed have a  flow 
c a l o r i m e t e r  which seems t o  do  an a c c e p t a b l y  good j o b  f o r  
t h i s ,  and I w i l l  show you some of  t h e  d a t a  l a t e r  o n .  

Well, enough s a i d  about  o u r  approach .  I n  t h e  t i m e  
I have remain ing ,  I want t o  go through n i n e  s l i d e s ,  which 
w i l l  be reproduced  i n  t h e  meet ing  p roceed ings  showing t h e  
r e s u l t s  of t h e  work,  

So l e t ' s  have what I would c a l l  F i g u r e  1. 

( S l i d e  162 , )  



FtGURE 160 NOT AVAILABLE 
ttnt r n w w  

FIGURE 162 



F i g u r e  1 is some c a l o r i m e t r i c  test d a t a  t h a t  was  
o b t a i n e d  w i t h  a11 E a g l e  P i c h e r  nomi t lal  4 5  i~mp-llour c e l l .  
Ai ' tcr  t a k i n g  t l w s c  d a t a  311cl  o p c r : ~ t i n g  tllc ~ n o d c l ,  I would  
c a l l  t h i s  p a r t i c u l a r  ccl l, a b o u t  a 56.2 amp-l~our ce l l ,  b e c a u s e ,  
o f  c o u r s e ,  i n  n model 91 t h i d  t y p e  I am i n t e r e s t e d  i n  t h o  
actual c a p a c i t y  and n o t  a n a m e p l a t e  c a p a c i t y .  

N o w ,  down a t  t h e  b o t t o m  of t h i s  f i g u r e  you see t h e  
c u r r e n t  t h a t  was u s e d  f o r  t h i s  scries o f  c o n t i n u o u s  t e s t i n g ,  
g o i n g  o u t  t o  a b o u t  43 h o u r s .  We Mere p l o t t i n g  cc l l  v o l t a g e .  
Some o f  t h e  t e s t  d a t a  a r c  shown on t h e  f i g u r e  j u s t  so t h a t  
you c o u l d  v a r y  i t  i n  a c u r v e  i f  you had t o .  

The s o l i d  c u r v e  r e p r e s e t ~ t s  t h e  computed c u r v e  
f rom t h e  m a t h e n l a t i c a l  m o d e l .  You sce a  c h a r g e - u ? ,  you see 
a  p r o c e s s  o f  g o i n g  i n t o  overcharge a t  a c o n s t a n ,  v d l t a g e  
o f  1 . 4 5  v o l t s ,  u i  t h  a v a r i a b l e  d e c r e a s i n g  c u r r c n t .  We g o  
open  c i r c u i t  w h e r e  w e  will h a v e  r e c . o m l > i ~ ~ a t i o n .  Then -ae go 
a g a i n  a t  a c o n s t a n t  v o l t a g e  o f  1.475,  a g a i n  w i t h  v a r i a b l e  
c u r r e n t .  Then open  c i r c u i t ,  t h e n  a t  1 .5  v o l t s  o p e n  c i r c u i t ,  
f i n a l l y  a  d i s c h a r g e  a t  9 v o l t s ,  and a t  t h e  elid w e  f u r t h e r  
d i s c h a r g e  a t  1 v o l t .  

The  l i t t l e  t a i l  o n  t h e  end  o f  t h c  d i s c h a r g e  c u r v e  
t h e r e  a t  1 v o l t  i s  s o m e t h i n g  t h a t  came o u t  a u t o m a t i c a l l y  i n  
t h e  p rogrsm n s  p a r t  o f  t h e  mechanisms c h o s e n ,  so  I was  q u i t e  
g r a t i f i e d  to see i t  a p p e a r  t h e r e .  

F o r  t h i s  p a r t i c u l a r  v o l t a g e  c u r v e .  l e t  u s  now l o o k  
a t  t h e  h e a t  e f f e c t s  t h a t  w e  measured  and c a l c u l a t e d .  T h i s  
is a t  63 d e g r e e s .  The  s o l i d  l i n e  a g a i n  r e p r e s e n t s  t h e  com- 
pu : ive  v a l u e .  T h e  p o i n t s  r e p r e s e n t  t h e  measured  v a l u e s .  
You c a n  see t h a t  I am g e n e r a l l y  a  l i t t l e  more e x o t h e r m i c  
t h a n  t h e  c a l o r i m e t e r ,  P e r h a p s  t h e r e  a r e  a  few h e a t  l e a k s  
o r  i n e f f i c i e n c i e s .  

Now the l e g e n d s  f o r  t h e  c h a r g i n g  and d i s c h a r g i n g  
c u r r e n t s  are g i v e n  a c m s s  t h e  b o t t o m  a s  b e f o r e .  

Lct's g o  o n  now t o  t h e  o b s e r v e d  p r e s s u r e .  

I am p l o t t i n g  p r e s s u r e  i n  a t m o s p h e r e s ,  and  a g a i n ,  
t h e  s o l i d  c u r v e  r e p r e s e n t s  t i re  con lpu t ive  v a l u e .  T h e  p o i n t s  

a r e  t h e  d a t a .  The  l i t t l e  g l i c h  a t  t h e  f r o n t  o f  t h e  c u r v e  
t h e r e  is where my programmer d e c i d e d  h e  was g o i n g  to c o n d i -  
t i o n  t h e  c e l l  f o r  m e ,  and h e  l e t  i t  o v e r c h a r g e  q u i t e  a b i t  
t h e r e  i n  t h e  e a r l i e r  c y c l e s .  And o f  c o u r s e  t h e  ce l l  remem- 
b e r e d ,  and sincpc t h e  p r e s s u r e  b u i l t  u p  s u b s t a n t i a l l y  i t  h a d n ' t  
a l l  r ecombined  when I s t a r t e d  my p a r t  of i t ,  t h e  s i m u l a t i o n ,  

Wc can sce t h a t  t h e  p r e s s u r e  d o e s  r e c o v e r  and 
a f a i r l y  good r c p r e s e n t a t i o n  of t h e  d a t a .  The t h i n g  t o  

give 
know 



h e r e  is t h a t  t h e  p r c n s u r c  is  n mnsi~nun~ of nbout  1 .5  otmos- 
ptlcl+cs a t  b3 ticgl*cc.:;, and whcll I s l l o l c  you t hc t ~ s t  d a t a  a t  
88 d e g r e e s  you w i l l  see t h e  p r e s s u r e  s u b s t a n t i a l l y  h i g h e r ,  
b u t  t h e  model  d o e s  t r y  t o  f i n d  t .ha t  new ' l e v e l  o f  p r e s s u r e .  

L e t t s  g o  o n  t o  t h e  c a s e  a t  88 d e g r e e s  f o r  t h e  
same c e l l .  

( S l i d e  164,) 

Here we a r c  p l o t t i n g  a  d i f f e r e n t  t y p e  o f  t e s t .  I 
l i k e  t o  s a y  t h a t  we g o t  s m a r t e r  i n  t h e .  p r c v l o u s  t es t .  You 
n o t i c e  t h a t  we a r e  a c t u a l 1  y c o l l e c t i n g  some o v e r c l r a r g e  d a t a  
w h i l e  we a r e  d o i n g  t h i s .  And I found  t h a t  i t  was  better from 
o u t  s t a n d p o i n t  to  c h a r g e  t h e  ce l l s  and t h e n  go a t  c o n s t a n t  
c u r r e n t  i n t o  o v e r c h a r g e  a s  O ~ J , X X X ~  t o  going a t  c o n s t a n t  
v o l t a g e .  We seemed t o  s a v e  money t h a t  way, t h i n g s . w e r e  
f a s t e r .  

Aga in ,  we e x e r c i s e d  t h e  c e l l  a c c o r d i n g  t o  t h e  p r e -  
s c r i b e d  c u r r e n t s  a c r o s s  t h e  b o t t o m  o f  t h e  f i g u r e .  You see, 
t h e  p rob lem t h a t  I m e n t i o n e d  e a r l i e r  t h a t  I t h i n k  I c o r -  
r e c t e d  v e r y  n i c e l y ,  and t h a t  was  n s  a e  got i n t o  o v e r c h a r g e  ' 
I was  v e r y  d i s s a t i s f i e d  w i t h  t h e  r e p r e s e n t a t i o n  of t h e  v o l t a g e  
c u r v e .  

And I t h i n k  a l l o w i n g  t h e  oxygen  g e n e r a t i o n  r e a c t i o n  
t o  d o m i n a t e  t h e  c e l l  p o t e n t i a l  a t  t h a t  p o s i t i o n  f i x e s  t h a t  
u? v e r y  n i c e l y .  T h i s  is a t  88 d e g r e e s .  

Now  let'^ look a t  t h c  h e a t  e f f e c t  a t  t h i s  
t e m p e r a t u r e .  

( S l i d e  165.) 
: 

You see t h e  h e a t  e f f e c t  is s u b s t a n t i a l l y  l a r g e r ,  I 
and  t h e  e n e r g y  i > a l s n c e .  t h e o r e t i c  a 1  e n e r g y  r:sl.?:-,ce d o e s  i 
seem t o  m o n i t o r  t h e  d a t a  m a s o n a b 1  y  a e l l  c o n s i d e r i n g  t h e  i 
c o m p l i c a t e d  c h a r g i n g  and d i s c h a r g i n g  p r o c e s s e s  t h a t  we a r e  I 

u s i n g .  I 
i' 

L e t ' s  go 011 t o  t h e  n e x t  s l i d e .  2 

( S l i d e  1 6 6 . )  

Here is t h e  c o r r e s p o n d i n g  p r e s s u r e ,  You can see 
a t  t h i s  time w e  a r e  u p  to  a r o u n d  70 psi  i n  t h e  c e l l ,  and 
t h e  program d o c s  get to  t h a t  l e v e l .  Sew t h i s  is o n e  t y p e  
o f  cel l  h a v i n g  n n a m e p l a t e  v a l u e  o f  a p p r o x i m a t e l y  45 amp- 
h o u r s ,  We Iiavc , j u s t  r e c e n t l y ,  a b o u t  t h r c e  o r  f o u r  weeks  ago, 
h a v e  computed some msults f o r  a larger c e l l  h a v i n g  a v a l u e  
o f  a r o u n d  GO amp-hours . 
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So if we c a n  h a v e  t h e  n e x t  f i g u r e .  

( S l i d e  1 6 7 . )  

T h i s  p a i * t i c u l a r  c e l l  is, a g a i n ,  s u p p l i e d  by E a g l e  
P i c h e r ,  and  I have  Itad t h e  o c c a s i o n  -- w e  h a v e  n o t  beet1 a b i e  
t o  t a k e  v e r y  much d a t a  y e t  o n  t h i s  c e l l .  h u t  I w a n t e d  to  
show you t h e  a e e q u a c y  o f  t h e  m o d e l .  I t  was  p r a c t i c a l l y  
n o t h i n g  t o  go o n ,  and n c t u n l l y  w e  u s e d  a l o t  o f  t h e  v a l u e s  
f rom t h e  p r e v i o u s  c a s e ,  , j u s t  s c a l e d  them u p  a l i t t l e  b i t  a n d  
computed t h e s e  v a l u e s .  And t h i s  is t h e  s e c o n d  r u n  I made. 

Tire f i r s t  r u n  I d i d  h a v e  t o  a d j u s t  t h e  v o l t a g e  
c u i w e  a l i t t l e  b i t  by a c o n s t a n t  amount .  T h i s  time I p l o t t e d  
t h e  c e l l  c u r r e n t  t h a t  w e  exercised t h e  t h i n g  w i t h  a c r o s s  t i l e  
bottom o f  t h c  f i g u r e .  The  20 amp. d i s c h a r g e  you see o n  t h e  
r i g h t  s h o u l d  h a v e  o n e  more s q u a r e  o f  t h e  c u r v e .  I t  was  m i s -  
drawn t h e r e ,  s o  I a i l 1  correct t h a t  now. 

On t h i s  p a r t i c u l a r  o n e ,  t h e  t h i n g  t h a t  d i s s a t i s f i e s  
m e  tile most is t k . 2  o p e n  c i r c u i t  v o l t a g e  dovn a t  t h e  e n d .  I 
have  t o  work o n  t h a t ,  o b v i o u s l y .  But  I was  r e a s o n a b l y  g r a t i - .  
f i e d  a t  t h e  a m p l i t u d e  of t h e  v o l t a g e  f o r  t h e  14 amp c h a r g e  and 
t h e  7 amp c h a r g e ,  and t h e  way t h e  v o l l a g e  c u r v e  n i c e l y  moves 
i n t o  t h e  o v e r c h a r g e  s i t u a t i o n  a t  t h e  e n d  o f  t h e  7 amp c h a r g e .  
L e t  me p o i n t  t h a t  o u t  f o r  y o u .  

This is t h e  7 amp. c h a r g i n g  p o s i t i o n ,  a n d  h e r e  we 
a r e  now d e c r e a s i n g  t h e  c u r r e n t  a s  we go i n t o  o v e r c h a r g e ,  a n d  
you = a n  see t h a t  t h e  chal lge  i n  t h e  r a t e  of v o l t a g e  is computed 
a t  t h a t  p o s i t i o n .  I t  d o e s  seem t o  give a n  e x c e l l e n t  r e p r e -  
s e n t a t i o n  o f  t h e  d a t a .  

This is t h e  v o l t a g e  c u r v e  c o m p a r i s o n .  Xow l e t ' s  
1001- a t  t h e  h e a t  e f f e c t  c o m p a r i s o n .  

( S l i d e  168.) 

T h i s  is t h e  measured  h e a t  o u t  of t h e  ce l l  i n s t a n -  
t a n e o u s l y  w i t h  time. You n o t i c e  w e  ~ v e  a p p r o x i m a t e ' l v  a 
hundred h o u r s  o f  c o n t i n u o u s  t e s t i n g  u u d c ~  c o n t r o l  c o n d i t i o n ,  
v e r y  a c c u r a t e  t e m p e r a t u r e  c o n t r o l .  And t h e  hea5  e f f e c t  is 
shown as t h e  s d l i d  l i n e  and t h e  d a t a  represented as t h e  
circles . 

Now we w i l l  g o  o n  to  t h e  n e x t  c u r v e .  

( S l i d e  169.) 

I had a m i s e r a b l e  tirnc o n  t h i s  one w i t h  t h e  pressure. 
I had so l i t t l c  d a t a  for  t h e  c e l l  t h a t  my m o d e l i n g  o f  t h e  
p r e s s u r e ,  I t l i i n k ,  is f n i r l y  poor a t  t l ~ c  prc-sent  time, The 
d i f f i c u l t  t h i n g  is t h a t  t h e  g e n e r a t i o n  r a t e  c a n  get to  be 
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e x t r e m e l y  lal0g,zo, and t h e  recombinntion rate c a n  get t o  bo 
e x t r u m c l y  l a r g e ,  atid I nni t a k i n g  tile c f i  !'ielSelice i n  curves 
nnd i n t e g r a t i n g  i t  t o  r e p r e s e n t  t h e  p r e s s u r e  o f  t h e  c e l l .  
And you a r c  r e a l l y  s u b j e c t  to  f n n c c u r n c y  and a c c u m u l a t i o n  
of error. 

T h i s  is t h e  l a s t  s l i d e  o f  my p r e s e n t a t i o n .  

HALPERT : Th n nk you , 

Are t h e r e  nny comments o r  q u c s t i o n s ?  

GINER: Jose G i n c c .  What typc o f  e q u a t i o n  do you 
u s e  t o  r e l a t e  t h e  v o l t a g e ,  for i n s t a n c e  d u r i n g  c h a r g e ,  to  
the  state of c h a r g e ,  t i m e ,  current ,  a n d  so o n  

BIZZELS: The r r . p r e s e n t a  t i o n  o f  t h e  v o l t a g e  i s 
dn~rt? by ;t ' ~ i r l y  s i m p l e  e q u a t i o n .  1Ye nre c o n c e r n e d  w i t h  tlre 
s t a t e  of t1.d s u r f a c ?  o f  t h e  n i c k e l  e i e - t r o d e .  We l s y e r  t h e  
e l e c t r o d e .  and t h e n  compute  ?he c o n c c n t r a t i c * ~  o f  a c t i v e  s p e c i e s  
i n s i d e  t h e  e l e c t r o d e ,  

Wo u p d a t e  t h e  a c  t i v i  t i e r  of t h e  component species 
on  a v e r a g e  t h r o u g h o u t  t h e  c c l l .  I d i d * ~ ' t  t r y  t o  compute  
a c t i v i t i e s  a t  OH-nnd  e v e r y v t l c r e  i l l  t!le c c l l .  T h e  e q u a t i o n  
f o r  t h e  c e l l  v o l t a g e  has e s s e n t i a l l y  one a v b i t r a r y  c o n s t n n t .  
However, I have  t a k c n  t h e  l i b e r t y  t o  t u r n  t h a t  i n t o  two 
a r b i  t i e a r y  c o i l s t a n t s  by o n e  for c h a r g e  and o n e  f o r  d i s c h a r g e .  

A t  t h e  presczt t i m e ,  I h a v e  a f c e l i n g  t h a t  I may 
e v e t ~ t u & l l y  se t t l e  o n  a n e  c o n s t a n t  b e c a u s e  I would  l i k e  t o  
compare  t h e  model w i t h  c h a r g e - d i s c h a r g e  c u r v e s  for a l m o s t  a  
d e c ~ d e  o f  c u r r e n t .  I n  o t h e r  > o r d s ,  e v e l e y t h i  11g f rom C '10 
a l l  t h e  way u p  t o  2 or 3 C, and t h e n  I t h i n k  I may be f o r c e d  
t o  s t i c k  w i t h  o n e  c o n s t a n t  a s  o2timum. 

GINTER: Do you t a k e  i n t o  c o n s i d e r a t i o n  p o l a r i z a t i o n ?  

BIZZELL: Yes. I d o  a c c o u n t  f o r  i o a l c  ~ v s i s t a n c e .  
The p o l a r i z a t i o n  e f f e c t s  a r e  n o t  d i s t i n g u i s ? t e d  o u t r i g h t .  I 
may b e  a  l i t t l e  e m p i r i c a l  t h e r e ,  b u t  I d o n ' t  go i n t o  H c l r n h o l t ' s  
d o u b l e  l a y e r s .  I l i k e  t o  seyb t h e  c ; n c c n t r a t i o n  v e r y  h i g h  o f  
t h e  e l e c t r o l y t e .  

T h e r e  may b e  e f f e c c s  d u e  t o  n o n c o n d u c t o r s  a c t i n p  st.; 
c a p a c i t o r s  i n s i d e  the c e l l  a n d  t h e n  r e l a x i n g  a f t e r  you remove,  
go i n t o  open  c i r c u i t .  I d o n ' t  know. Some o f  these q u e s t i o n s  
a r e ,  a s  I s a i d ,  c t h e r w  a r e  more e x p e r t  t h a n  I am, and t h e y  
m i g h t  l i k e  to t r y  t h e i r  hand a t  t h e i r  f a v o r i t e  mwhsn i sn r .  

LANDER: Where d i d  you get y o u r  "S" term from? 



11160 BIZZELL: I t h i n k  I u s e d  t h e  v a l u e s  i n  F a l k  and 
S a l t i n e ' s  book, and prubabl y ccmpnred thcm IY i t  h R:uci8's book ,  
and 111nybe n c o u p l e  of' p a p e r s .  I t  is u n f o r t u n a t e  t h a t  1 for- 
got t o  b r i n g  my m p o r t  w i t h  m e  t o d a y ,  b e c a u s e  I p i ~ k e d  u p  
a n o t h e r  o n e  w i t h  t h e  same c o v e r .  Rut I d i d  u s e  s i m p l y  hand- 
book v a l u e s  a s  s t a n d a r d  r e f e r e n c e s .  

LANDER: I would  j u s t  l i k e  t o  p o i n t  o u t  t h a t  t h e  
BaCer "S" v a l u e s  a r c  k i n d  o f  u n c e r t a i n .  b e c a u s e  we d o n ' t  
r e a l l y  know what  t h e  B2;ier "S" c h a r g e  i n  t h e  p o s i t i v e  p l a t e  
i s .  R e c e n t l y  Don Alnlreskie from o u r  l a b o r a t o r y  p u b l i s h e d  a  
p a p e r ,  a  t e m p e r a t u r e  s t u d y ,  w h e r e  h e  d i d  soine h e a t  p i p e  s t u d i e s ,  
and h e  u s e d  i n s u l a t e d  ce l l s  and f o u n d  t h e  v a l u e  o f  t e m p e r a t u r e  
c h a n g e  i n  t h a t  w o r k .  H e  computed p r e t t y  good v a l u e  f o r  t h e  
c hatlge . 

BIZZELL: We c o u l d  p r o b a b l y  t a k e  o u r  d a t a  t o o ,  a n d ,  
s a y ,  o b t a i n  a  b e t t e r  f i t  b y  a d . j u s t i n g  some o f  t h e s e  v a l u e s .  
But  I was  more c o n c e r n e d  i n  t h e  r a t e s  and a l l o w e d  the hand- 
book v a l u e s  t o  r e m a i n  f i x e d ,  a t  l e a s t  f o r  now. 

HALPERT: Thank you .  

Our  l a s t  s p e a k e r  o f  t h e  morn ing  i s  g o i n g  to s p e a k  
a o o u t  t h e  improved e n e r g y  d e n s i t y  c e l l ,  20 w a t t  h o u r s  pe r  pound,  
nickel-cadmium b a t t e r y  . ?ur s p e a k e r  i s  J o h n  Armentrout  o f  
t h e  P h i  l c o - F ~ r d  C o r p o r a t i o n .  

ARMEXTROUT : hIy b a s i c  p r e s e n t a t i o n  t h i s  morn ing  
r e l a t e s  t o  t h e  developme> ;; of a l i g h t  u e i q h t  n icke l -cadmium 
b a t t e r y  c a p a b l e  of d e l i v e r i n g  20 w a t t  h o u r s  p e r  pound.  T h e  
p a r t i c u l a r  b a t t e r y  k h a t  w e  a r e  s h w # i n z  h e r e  is o f  s i m i l a r  
d e s i g n  t o  t h e  d e s i g n  t h a t  we p l a n  t o  have  f o r  t h e  20 w a t t  
h o u r  p e r  pound b a t t e r y .  I t h i n k  i t ' s  o n  t h e r e  b a c h 3 r d s .  

( S l i d e  170.) 
T h i s  b a t t e r y  was d e v e l o p e d  a s  p a r t  o f  a  program 

for NASA/Guddayd, t h e  SSIS b a t t e r y  u n d e r  t h e  t e c h n i c a l  
cogniza l - lce  o f  F l o y d  Ford and Dave B e a r .  And t h i s  b a t t e r y  
p r o b a b l y  is y i e l d i n g ,  b a s e d  o n  a c t u a l  c a p a c i t y ,  maybe 13 
w a t t  h o u r s  per pound.  

Can  w e  have  t h a t  n e x t  s l i d e ?  

Some o f  t h e  c o n c e p t s  t h a t  we u s e d  i n  d e v e l o p i n g  
t h i s  b a t t e r y ,  we u s e d  t h e  . - t a n d a r d  n ickel -cadmium d e s i g n  
t e c h n o l o g y .  The c e l l  was  m d e  t o  t h e  NASA Xi-Hal ce l l  
s p e c i f i c a t i o n .  The m a j o r  w e i g h t  s a v i n g s .  or p a r t  of  t h e  
w e i g h t  s a v i n g s ,  came i n  g o i n g  to a  t h i n  w a l l  c e l l  c o n t a i n e r  
d e s i g n ,  a  s t a n d a r d  w a l l  b e i n g  25 to 30 m i l s ,  and  we r e d u c e d  
a b o u t  50 p e r c e n t  of t h a t .  



T h e  m e t a l - c e r a m i c  s e a l s  were o r i g i n a l l y  r a t e d  a t  
a b o u t  160 aaips, and  IVC u s e d  a  s m a l l e r  12-amp h o u r  t y p c  s e a l  
w h i c h  is c a p a b l e  o f  s u s t a i n i n g  a b o u t  80 amps c o n t i n u o ~ s  d u t y .  
By means o f  r a t i o i n g  and  w e i g h t s  w i t h  t h e  s t a n d a r d  e l e c t r o d e s ,  
w e  were a b l e  t o  r e d u c e  a l i t t? .e  w e i g h t  and y e t  m a i n t a i n  a 1.5 
n e g a t i v e  t o  p o s i t i v e  r a t i o  c a p a c i t y ,  or e l e c t r o d e  c a p a c i t y  r a t i o  
f o r  t h e  s y s t e m .  

The  a c t u a l  b a t t e r y  a s s e m b l y  t h a t  you saw a moment ago 
c o n s i s t s  of a n  i n n e r c o s t a l  s t r u c t u r a l  p a c k a g i n g  d e s i g n .  It 's 
a  "T" r i b ,  w h i c h  w e  w i l l  show i n  t h e  n e x t  s l i d e .  Or o n e  more, 
I t h i n k  it is. L e t ' s  go. 

( S l i d e  172.) 

The  i n t e r c o s t a l  is a  magnesium m a t e r i a l ,  a n d  i t  
s u p p o r t s  f o u r  b a t t e r y  c e l l s  w h i c h  t h e  i n t e r c o s t a l  s e r v e s  a s  
o u r  h e a t  s i n k  d u r i n g  o v e r c h a r g e  and when we a r e  d i s s i p a t i n g  
a n y  k i n d  of b a t t e r y  h e a t .  We a l s o  h a v e ,  n o t  shown i n  t h i s  
d i a g r a m  h e r e ,  a  r e s i s t o r  f o r  m a i n t a i n i n g  t h e  b a t t e r y  t e m p e r a t u r e  
i n  t h e  e v e n t  t h a t  w e  g e t  too c o l d .  And s o  t h e  i n i ; e r c o s t a l  
s e r v e s  b o t h  a s  a  h e a t  s i n k  and a s  a means o f  h e a t i n g  t h e  c e l l .  

T h e  s t r u c t u r e  i t s e l f  j u s t  c o n s i s t s  o f  two e n d  p l a t e s  
w i t h  t h e  t h r ~ u g h  b o l t s  o n  e i t h e r  s i d e .  Each s e p a r a t e  i n t e r -  
c o s t a l  mounts  and is a  s e p a r a t e .  You c o u l d  e x t e n d  t h i s  t o  a s  
many c e l l s  -- t h i s  happens  t o  be a 2 0  c e l l  d e s i g n  t h a t  w e  a r e  
l o o k i n g  a t  h e r e .  

( S l i d e  1 7 3 . )  

To  g i v e  a n  i d e a  of w h e r e  o u r  w e i g h t  s a v i n g s  were, 
i f  we t o o k  a s t a n d a r d  c e l l  and s a i d  t h a t  t h a t  was  100  p e r c e n t ,  
o u r  c e l l  was  coming i n  a t  a b o u t  68 p e r c e n t  o f  t h a t  w e i g h t  and  
of t h a t  p e r c e n t a g e .  If you were t o  compare  t h e  w e i g h t s  o f  
s t a n d a r d  e l e c t r o d e  s e p a r a t o r  and elec t r o l y t e  w e i g h t ,  you c a n  
see t h a t  w e  s a v e d  a l i t t l e  w e i g h t  i n  t h a t  p a r t  o f  i t .  

But  most  of o u r  w e i g h t  was p i c k e d  u 2  i n  t h e  c o v e r i n g  
c o n t a i n e r  and  t h e r e  were some m i s c e l l a n e o u s  mat ? r i a l s  t h a t  we 
were a b l e  t o  e l i m i n a t e .  

Why d o n ' t  w e  go two more now? 

( S l i d e  1 7 4 , )  

T h e  i n t e r c o s t a l ,  a s  f a r  a s  t h e  h e a t  d i s s i p a t i o n  is 
c o n c e r n e d ,  w e  h a v e ,  i n  t h e  p a r t i c u l a r  d e s i g n s  t h a t  w e  h a v e  i n -  
h o u s e  r i g h t  now, a  D e l t a  t e m p e r a t u r e  d r o p  o f  a b o u t  two and a 
h a l f  d e g r e e s  C ,  and t h a t  is u n d e r  o u r  worst c a s e  h e a t i n g ,  
d u r i n g  d i s c i r a r g c  o u r  worst c a s e  hca  t i  ng  c o n d i t i o n .  
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1 h62 T h i s  w a s  used  m a i n l y  i n  o u r  a n a l y s i s  f o r  d c t c r m i n -  
i n g  what t h e  d i s s i p a t i o n s  wem. 

Can we g o  t o  t h e  n e x t ?  One more. 

( S l i d e  1 7 5 . )  

Some o f  t h e  a c t u a l  numbers h e r e ,  t h e  a c t u a l  ce l l  
c a p a c i t y  o n  t h e  2 0  w a t t  h o u r  p e r  pound t h a t  w e  a r e  t a l k i n g  
a b o u t ,  i n  t h e  t e m p e r a t u r e  r a n g e  o f  3 0  t o  SOOF, is 25 ampere 
h o u r s ;  w i t h  o u r  n e g a t i v e  t o  p o s i t i v e  e l e c t r o d e  c a p a c i t y  r a t i o  
o f  o n e  and a h a l f ,  o u r  maximum ce l l  o v e r c h a r g e  p r e s s u r e  a t  a  
C'IO r a t e  a t  700F is 65 psig.  

And a g a i n .  o u r  maximum c e l l  c h a r g i n g  v o l t a g e  C'20 
r a t e  a t  3 0 ' ~  is 1 . 5 1  v o l t s .  The  a c t u a l  e n e r g y  d e n s i t y  o f  
t h i s  c e l l ,  b a s e d  upon t h e  25 amp.hour c a p a c i t y .  is 23  w a t t  
h o u r s  p e r  pound.  When t h i s  is  packaged i n t o  o u r  2 0  c e l l  b a t t e r y ,  
w e  a r e  coming u p  w i t h  a  w e i g h t  o f  27 pounds .  I t ' s  a c t u a l l y  a  
l i t t l e  u n d e r  t h a t .  

The  e n e r g y  d e n s i t y  t h e n  is c a l c u l a t e d  a t  a b o u t  22 w a t t  
h o u r s  per  pound or  a nomina i  20 w a t t  h o u r  p e r  pound b a t t e r y .  
And, d e p e n d i n g  upon y o u r  d e p t h  o f  d i s c h a r g e ,  w h i c h  we w i l l  s?low 
i n  a  l a t e r  s l i d e  here ,  t h e  p a r t i c u l a r  d e s i g n  t h a t  we h a v e  is 
a  s e v e n  y e a r  b a t t e r y  o p e r a t i n g  i l l  t h e  40 t o  5o0F' r a n g e .  

C o u l d  w e  h a v e  t h e  n e x t  s l i d e ?  

( S l i d e  176 . )  

T o  g i v e  a n  i d e a  o f  w h e r e  we a r e  r e l a t i v e  to t y p i c a l  
d e s i g n s  t h a t  w e  h a v e ,  you c a n  see a b o u t  t h e  b e s t  t h a t  w e  h a v e  
a t  t h e  p r e s e n t  time is p r o b a b l y ,  maybe 11 o r  1 2  w a t t  h o u r s  p e r  
pound,  a g a i  11 4 e p e n d i n g  upon y o u r  d e p t h  o f  d i s c h a r g e .  

The  c u r r e n t  P h i l c o - F o r d  d e s i g n s  t h a t  w e  h a v e  a r e  
a p p r o a c h i n g  and g o i n g  p a s t  20 w a t t  hours  per  pound,  and w e  
f e e l  t l r a t  i n  o u r  o p t i m i z e d  d e s i g ~ l  we c a n  i l l c r e a s e  t l r a t  s l i g h t l y ,  
and pas s i b l y  this c u r v e  m i g h t  r e p r e s e n t  a  l i t t l e  more c l o s e l y  
-r n i c k e l - h y d r o g e n ,  w h i c h  Ron Haas  w i l l  be t a l k i n g  o n  t h a t  
b ~ d  s i l v e r - h y d r o g e n  a  l i t t l e  l a t e r .  

T h e r e  qrc two c o m p a n i e s  w h i c h  a r e  p r e s e n t l y  u n d e r  
s u b c o n t r a c t  w i t h  P h i l c o  f o r  p roduc ing  t h e s e  c e l l s :  E n g l e  
P i c h e r  and Heliotec. The  d a t a  t h a t  w e  a r e  s h m i t l g  h e r e  is 
a c t u a l  d a t a  t h a t  we h a v e  g o t t e n  on  s0r.e p r e q u a l i f i c a t i o n  test  
c e l l s .  And t h e  20 w a t t  p e r  h o u r  d e s i g n  t h a t  ke are s l ~ o w i l i g  is 
i n  its e a r l y  h a r d w a r e  s t d g e  r i g h t  now. 

T h e  o t h e r  d e s i g n  h a s  been q u a l i f i e d ,  t h e  SSIS design, 
and we h a v e  b e e n  p r o d u c i n g  f l i g h t  b a t t c r i  es w i t h  t h a t  design i .  

and had  a b o u t  s i x  t h r o u g h  a c c e p t a n c e  t e s t s ,  f b e l i e v e .  
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We have  o n e  more s l i d e .  

( S l i d e  177 . )  

T h i s  is t a k e n  f rom a  t e c h n i c a l  r e p o r t  o n  t h e  long-  
l i f e  b a t t e r y  of  t h e  A i r  F o r c e .  We a r e  s h o w i n g ,  w i t h  t h e  
s u b s c r i p t  o n e ,  t h e  o r i g i n a l  d a t a  t h a t  was p l o t t e d  i n  t h a t  
1 t>port .  We h a v e  i n d i c a t e d  p r e l i m i n a r y  d e s i g n s  as t h e y  were 
i n d i c a t e d  i n  t h a t  r e p o r t .  And f o r  o u r  d e s i g n s ,  w h i ~ h  a r e  
f l i g h t  q u a l i f i e d  o n  t h e  SlIS Program,  i t  is a c t u a l l y  a  
f i v e - y e a r ,  45  p e r c e n t  d e p t h  o f  d i s c h a r g e .  I f  we were t o  
d r o p  t h a t  d e p t h  o f  d i s c h a r g e ,  we feel t h a t  w e  c o u l d  go o u t  
t o  s e v e n  y e a r s .  

The  o t h e r  s y s t e m  t h a t  we a r e  w o r k i n g  w i t h  is a  
s e v e n - y e a r ,  24 p e r c e n t  DOD, and  w e  reel t h a t ,  were w e  to  
i n c r e a s e  t h a t ,  we c o u l d  g e t  f i v e  y e a r s  and a  l i t t l e  more w a t t  
h o u r s  p e r  pound o u t  o f  t h a t  s y s t e m .  

T h a t  is e s s e n t i a l l y  a l l  t h a t  we h a v e  t o  repoV*'  
We a re  o p e n  f o r  a n y  q u e s t i o n s .  

DUNLOP: On t h e  l a s t  s l i d e  t h e  d e p t h  of d i s c h a r g e  
you were t a l k i n g  a b o u t  is wha t?  o n e  d e g r e e ?  

ARMEhTROUT: T h a t ' s  b a s e d  o n  y o u r  a c t u a l  c a p a c i t y .  

DUNLOP: T h e  f i v e  y e a r  was what?  

ARBIENTROUT : F o r t  y-c i g h t  p e r c e n t  . 
DUNLOP: And t h e  s e v e n  y e a r  was what?  

DUNLOP: I d o n ' t  wan t  to a r g u e  w i t h  you too much, 
b u t  you n o t i c e  t h a t  f o u r  is r u n n i n g  a t  60 p e r c e n t .  I may 
make some comments l a t e r ,  b u t  t h a t  r e a l l y  r e p r e s e n t s  u s a b l e  
e n e r g y  d e n s i t y .  The  a c t u a l  two l a s t  s a t e l l i t e s  we p u t  u p  
had a  u s a b l e  e n e r g y  d e n s i t y  h i g h e r  t h a n  y o u r  -- 

ARhlEhTROUT: Well, you g e t  i n t o  r e l i a b i l i t y  a t  t h a t  
p o i n t .  

DUNLOP: But  I am n o t  s u r e  wha t  y o u r  d a t a  r e c y c l i n g  
is. 

ARMENTROUT: I f  you wonted  t o  i n c r e a s e  t h e  d e p t h  
o f  t h e  d e p t h  o f  d i s c h a r g e ,  you a r e  g o i n g  t o  get a h i g h e r  y i e l d  
i n  a a t t  h o u r s  per pound. 

DUNUIP: The y i e l d s  on s o l a r  s y s t e m s  a r e  r u n n i n g  
p r e t t y  low. They a r e  60 p e r c e n t  o f  t h e  r a t e  b u t  they a r e  
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sti l l  d e l i v e r i n g  a r o u n d  s i x  to s e v e n  w a t t  h o u r s  per pound 
u s a b l e  energy .  

ARMENTROUT: T h e s e  a r e  c o n s e r v a t i v e  numbers  t h a t  
we a r e  s h o w i n g .  

DUNLOP: Tht: q u e s t i o n  is why a r e  t h e y  so c o n s e r v a -  
t i v e ?  Is i t  b e c a u s e  of y o u r  l i g h t w e i g h t  design? 

ARSIEM'ROUT: I t  is o u r  r e l i a b i l i t y  t h a t  we a r e  
l o o k i n g  a t  . 

DUNLOP: Did  you s a c r i f i c e  y o u r  e n e r g y  d e n s i t y  t o  
g o  to  y o u r  l i g h t w e i g h t  d e s i g n ?  I t  a l m o s t  seems t h a t  way.  

ARBIENTROUT: Ron, do  you' w a n t  t o  a n s w e r  t h a t ?  Did  
w e  s a c r i f i c e .  

HAAS: Ron Haas  from P h i l c o - F o r d .  We h a v e  two basic 
c u s t o m e r s :  c o m m e r c i a l  s a t e l l i t e  and m i l i t a r y .  The p a r t i c u l a r  
p rogram t h a t  we a r e  i n v o l v e d  w i t h  on t h i s  20 w a t t  h o u r s  per 
pound a v e r a g e  t e n d s  t o  f a v o r  DOD's. We a r e  working o n  t h e  
Coddard program 1 ~ 1 t h  a somewhat h i g h e r  UOD. I t  is p u r e l y  by 
d i z e c t i o n  f r o m  t h e  c u s t o m e r .  

SULLIVAP: I am n o t  c l e a r  on  how you c a l c u l a t e  watt 
h o u r s  per pound.  I t ' s  w a t t  h o u r s  b a s e d  o n  28 p e r c e n t  d e p t h  
o f  d i s c h a r g e  or  100 p e r c e n t  d e p t h  o f  d i s c h a r g e ?  

ARMENTROUT: I t ' s  b a s e d  on  a c t u a l  c a p a c i t y  t h a t  w e  
show. F o r  e x a m p l e ,  we a r e  t a l k i n g  5 amp l w u r  -- or 25 amp 
b a t t e r y  ampere  h o u r s  t i m e s ,  i n  t h i s  c a s e ,  24 v o l t s  f o r  a  20- 
c e l l  b a t t e r y ,  and down t o  1 v o l t  which  is y o u r  25 a m p e r e s ,  
and  d i v i d e  t h a t  by t h e  w e i g h t  o f  y o u r  b a t t e r y .  

SULLIVAN: You c o n s i d e r  i t  down to  1 v o l t ?  

ARIIEhTROUT: Wliell w e  make t h a t  c a l c u l a t i o n ,  y e s ,  

STEINZIAUER: You i n d i c a t e d  a  s m a l l  t e m p e r a t u r e  
difference a l o n g  t h e  l e n g t h  o f  t h a t  t h e r m a l  s h u n t .  What s 
y o u r  worst c a s e  d u r i n g  c h a r g e ,  d i s c h a r g e ,  o r  o v e r c h a r g e  f rom 
t h e  c e n t e r  o f  t h a t  pack  t o  t h e  o u t p u t  o f  t h e  cells? 

ARSlEhTROUT: Ron, d o  you wan t  t o  coament  o n  t h a t ?  
I think t h a t  i t ' s  no  worse t h a n  t h e  d r o p  t h a t  we i n d i c a t e d .  

HAAS: The answer, Bob, is t h a t  i t  is a f u n c t i o n  o f  
t Ire p l a t f o r m  c o n s t r u c t i o n .  T y p i c a l l y  t h e y  w i l l  p u t  a 
t h e r m a l  s h u n t ,  a s l u g ,  o n  i t  where we mount t h e  b a t t e r y  w i t h  
m o u n t i n g  screws. S o  i t  is p r o b a b l y  i n  most cases a maximum 
d i f f e r e n c e  o f  7 d e g r e e s  o u t .  



STEINHAUSER: Arc you n c t i v e l y  cooling or  is i t  
p a s s i v e  c o o l i n g ?  

HAAS: We a r e  a c t i v e l y  h e a t i n g  and we a r e  p a s s i v e l y  
cooling. 

HALPERT: Thank you v e r y  much, John. 

A t  t h i s  p o i n t  I t h i n k  we can p l a n  t o  b r e a k .  I d o  
want t o  t e l l  you t h a t  we h a v e  n o t  had a l l  o f  o u r  f i g u r e s  
t u r n e d  i n  f o r  t h e  s p e a k e r s  who h a v e  b e e n  p r e s e n t i n g  p a p e r s  
h e r e  i n  t h e  l a s t  c o u p l e  of d a y s .  I t  is i m p o r t a n t  t h a t  we d o  
g e t  those i n  r i g h t  away so we ca l l  g e t  t h e  p r o c e e d i n g s  
p u b l i s h e d .  T h e  s o o n e r  we g e t  them i n ,  the s o o n e r  you g e t  i t  
b a c k .  

We w i  11 b r e a k  now and r e t u r n  a t  2 o ' c l o c k  I 
wou1.d l i k e  t o  t h a n k  Tom and  F l o y d  f o r  i n v i t i n g  m e  b a c k  to  
a c t i v e l y  p a r t i c i p a t e  t o d a y .  

(Whereupon, a t  1 2 : 5 5  p . m . ,  t h e  p r o c e e d i n g s  were 
r e c e s s e d  t o  r e c o n v e n e  a t  2 : 0 0  p.m. t h i s  same d a y . )  



AFTERNOON SESSION 
( 2 :00  p.m.) 

FOIlD: Okay, i f  we c a n  hnvc your a t t e n t i o n  we w i l l  
g e t  s t a r t e d  w i t h  t h e  f i r s t  speaker, A c t u n l l y ,  t h e  f i r s t  
s p e a k e r  t h i s  n f t w n o o n  is t h e  l a s t  s p e a k e r  f o r  t h e  m o r n i n g ' s  
t o p i c  t h a t  we d i s c r l a s e d ,  and a f t e r  we get  t h a t  o n e  by, we 
w i l l  go r i g h t  i n t o  t h e  n i c k e l  hydrogen  work, 

I know t h a t  t h e r e  a lot  o f  you who h a v e  i n d i c a t e d  
to m e  you a r e  g o i n g  to h a v e  t o  l e a v e  e a r l y ,  so  we o r e  g o i n g  
t o  t r y  t o  c o v e r  a s  much m a t e r i a l  a s  w e  p o s s i b l y  c a n .  Again, 
I r e i t e r a t e  i f  you need  any  h e l p  w i t h  r e s e r v a t i o n s  or any 
nay we c a n  h e l p  you,  p l e a s e  d o n ' t  h e s i t a t e  t o  c a l l .  

N o w ,  o n e  p o i n t  I m i g h t  make f o r  t h e  b e n e f i t  o f  
t h o s e  who w i l l  be l e a v i n g .  Ycu d o  n o t  havk t o  g o  b a c k  t h r o u g h  
t h e  main  gate t o  get o u t  o f  h e r e .  I f  you a r e  going t o  l a s h i n g -  
t o n  or B a l t i m o r e ,  t h e  most d i r e c t  r o u t e  is t o  t h e  r i g h t .  

The  r o a d  t h a t  r u n s  by t h e  f r o n t  of t h e  b u i l d i n g ,  
j u s t  g o  o u t  and you h a v e  an e x i t  e i t h e r  n o r t h  o n  t h e  B a l t i -  
more-Washington Parkway o r  an  e x i t  g o i n g  s o u t h  to  N'ashington,  
and f rom t h e r e  you c a n  g o  t o  t i l e  b e l t w a y  and g e t  w v e r e v e r  
you w a n t  t o  g o .  S o  it w i l l  bypass  t h e  t r a f f i c  g o i n g  t h r o u g h  ' 
t h e  mnin g a t e ,  a l s o  o n  G l e n d a l e  Road.  

Okay,  a t  t h i s  time I would  l i k e  t o  i n t r o d u c e  Jon 
Rubenzer  f rom A m e s  R e s e a r c h .  I s  h e  h e r e ?  Okay, J o n ,  and  
his s u b j e c t  is " N a y n e t i c  T e s t i n g  o f  Nickel-Cadmium C e l l s  ." 

RUBEKZEX: I ' l l  make t h i s  a s  q u i c k  a s  I c a n  t o  get 
u s  o n  s c h e d u l e  a s  best we can.  I  work i n  t h e  Advance Spncc. 
P r o j e c t s  O f f i c e  a t  A m e s ,  and o u r  pr imary concern w i t 1 1  n i c k e l -  
cadmium b a t t e r i e s  i s  f o r  a p p l i c a t i o n s  i n  s p a c e c r a f t  d e s i g n e d  
f o r  i n t e r p l a n e t a r y  m i s s i o n s  of ' ~ * ! r :  d u r a t i o n ,  by t h a t  I mean 
i n  e x c e s a  o f  a r o u n d  two y e a r s  

About : y e a r  rnc' a r t J f  ,go, E a g l e  P i c h e r  f u r n i s h e d  
u s  two hlumetai m c a s e d .  8 a m p t ~  .. .mur ..zckcl-cadmium ce l l s ,  
w h i c h  we p e r f o r m e d  m a g n e t i c  tests . ~ n  ' , ,  .Ir,iermit~e how t h e  rcn- 
a:lcnce f i ~ ! d  of t h e s e  c c l l s  wn,~.. . . t o p c f u l l y  d e c r e a s e d  
by t h e  Mumetal e n c a s i c g  m a t e r i a l  

Our i n t e r e s t  i n  d o i n g  t h i s  s p c c l f + c a l l y  r e l a t e d  to  
t h e  f a c t  t h a t  o n  most i n t e r p l a n c t z y y  s p a c e c r a f t  a  magne tomete r  
is c a r r i e d  t o  m e a s u r e  r e 1  n t i v c l y  low m a g ~ w t i c  f i e l d s ,  b o t h  
i n  t h e  i n t e r p l a n e t a r y  p o r t i o n  o f  t h e  m i s s i o n ,  and sometimes 
a t  t h e  p l a n e t ,  d e p e ~ l d i n g  on  which  p1~11e t  i t  h a p p e n s  t o  be, 

Anyway, wc p e r f o r m e d  o u r  l€!c~L::ctl@? tests on t h e s e  
cells .The r9;lanc;lce s i g m t u r e  o f  t h e  Yumet a 1  encascd  ce l l s  
a s  compared t o  s t a i n l e s s  steel c e l l s  was so  low t h a "  we 
t h o u g h t  i t  w o r t h w h i l e  t o  buy some e x t r a  cel ls  and ,lfigure 



i n  whut I g u e s s  would best b e  c a l l e d  a  " b a t t e r y  c o n f i g u r a -  
t i o n , "  a:rd see whnt tlrcy looked c o n f i g u r e d  i n  t h a t  manaer. 

Our i n t e n t  w,sn't t o  i d e n t i f y  or  map t h e  rorzanertcc 
f i e l d  of any p a r t i c u l a r  b a t t e r y ,  I t  was more h o p e f u l l y  t o  
e s t a b l i s h  some sort  of  base  t h a t  v a r i o u s  peop le  t h a t  speci- 
a l i z e d  i n  magne t i c s  c o u l d  u s e  a s  s o r t  o f  a  r u l e  of thum 

, or base  e s t i m a t e s  on what t h e i r  b a t t e r y  might be i f  t h e y  
happened to  d e s i g n  i t  or; nickel-cadmium cel ls ,  

The f i r s t  s l i d e ,  p l e a s e .  

The f i r s t  viewgraph j u s t  g e n e r a l l y  shows t h e  ce l l  
a x i s  c o o r d i n a t e s  t h a t  w e  a s s i g n e d  t o  t h e  ce l l s  and adhered  
t o  th roughout  our magnet ics  t e s t i n g .  

Thy second s l i d e  shows t w o  c o n f i g u r a t i o n s  which 
w i l l  be r e f e r r e d  t o  o r  r e f e r e n c e d  i n  t h e  upcoming viewgraph 
which is self e x p l a n a t o r y .  

The next  o n e ,  p k a s e ,  

( S l i d e  180.)  

T h e r e  is t h e  l a s t  t u o .  Again,  t h i s  is s e l f  explhna-  
' . tory,  so we w i l l  move r i g h t  o n .  

( S l i d e  181.) 

A l l  r i g h t ,  when we go t  o u r  8 ampere hour n i c k e l -  
cadmium ce l l s  e n c a s e  i n  hlumetal from Eag le  P i c h e r ,  t h e y  
were b u i l t  and des igned  w i t h  what E a g l e  P i c h e r  c a l l s ,  I 
g u e s s ,  a "sponge n e g a t i v e  e l e c t r o d e  ." Phys ica l3  y ,  t h e y  
a r e  t h e  same size as  t h e  c o a v e n t i o n a l  6 ampere hour  n i c k e l -  
cadmium ce l l s .  

They were s e a l e d ,  ce ramic  s e a l t d .  Both the o u t e r  
c a s e  and I g u e s s  what would best be c a l l e d  t h e  c o v e r  were 
made of  Mumetal. The f i r s t  t h i n g  we d i d  i n  o u r  tes t ,  wheri 
we g o t  our 28 o r  so Blumetal c e l l s ,  was run  a  campar4 ,- 1.; - . \ th 
some o f  t h e  o t h e r  tests and look  a t  t h o  c e l l s  on arb . I ~ ; : i ; .  

d u a l  basis, 

Q u i c k l y ,  t h e  f i r s t  ce l l  shown on t h e  c h a r *  -, :?'A6 
w i t h  s t a i n l e s s  steel  c a s e  and c o v e r  and s i n t e r e d  n i c k :  
p l a t e s .  T h i s  is t h e  ce l l  I j u s t  r e f e r r e d  to i n  t r y r n g  to 
d e s c r i b e  the size o f  the 9 ' s  t h a t  we g a t .  Bccause of t h e  
sponge nega:ive f e a t u r e ,  :.ire El ampere hour  u n i t s  which 
fo l lowed ,  r e f e r r e d  t o  u p  here ,  a r e  l % n t i f  l e d  as.  RSN8S*.s, 
a r e  t h e  samc p h y s i c a l  size ns t h e  6 





The post 25 g a u s s  exposu re  rotnanfnce shown by t h i ~  
cell  and t h e  XYMZ a x i s  a s  shown is s e l f  e x p l a n a t o r y .  I n  t h e  
i n t e r e s t  of t i m e ,  I w i l l  J u s t  v e r y  b r i e f l y  i d e n t i f y  t h e  n e x t  
t h r e e  or f o u r  cel ls .  

The f o l l o w i n g  cel l  waF an RSNSS, b u t  i t  had a 
s t a i n l e s s  steel c a s e  and c o v e r  on  i t ,  Fol lowing  t h a t  was 
an  8s w i t h  a s t a i n l e s s  steel c o v e r  a l s o ,  a sample of two 
t e s t e d  and t h e r e  a r e  t h e  r e s u l t s  of  t h o s e .  

The f o u r t h  column is an  ave rage  o f  s i x  o f  t h e s e  
I: ? e t a1  encased  RSN8S cel ls .  These a r e  t h e  t y p e  t h a t  we 

bought 28 of and used  throughout  t h i s  t e s t i n g  which I am 
ncw going  t o  d e s c r i b e .  , I  v e r y  s h o r t l y  w i l l .  

The l a s t  ce l l  shown t h e r e  was made by Energy Research  
C o r p o r a t i o n .  The d e t a i l s  on i t  c a n  best be d e s c r i b e d  by 
b h .  Kl ine ,  because  h i s  o r g a n i z a t i o n  made i t .  They came o u t  
a n d  f u r n i s h e d  u s  t h i s  ce l l  because  what was f u r n i s h e d  a t  t h i s  
workshop a y e a r  ago i n t e r e s t e d  them, and t h e y  thought  maybe 
t h e y  had a n  i d e a  f o r  something a long  t h i s  l i n e  a l s o .  

One l a s t  word on  t h a t  p a r t i c u l a r  ce l l :  it was 
encased i l l  p l a s t i c .  I t  was no t  i n t e n d e d  t o  be a s e a l e d  ce l l  
w i t h  a m e t a l  c a s e  and r eady  t o  go  on a s p a c e  a p p l i c a t i o n ,  
s p a c e c r a f t  so r t  of t h i n g .  However, t h e  pr imary  purpose  was 
t o  t a k e  a look a t  t h e  i n t e r n a l s  of t h e  ce l l .  

i 
They made a n  a t t e m p t ,  and succeeded  a p p a r e n t l y ,  i n  d 

removing a l l  t h e  m e t a l l i c  n i c k e l  o r  any magnet ic  m a t e r i a l  
from t h e . c e l 1 ,  because  a f t e r  25 gauss  exposu re ,  which is a 1 

8 
p r e t t y  n a s t y  f i e l d ,  i t  showed a b s o l u t e l y  no  mranence. I t  is i 
j u s t  a s  c l e a n  a s  a s i l v e r - z i n c  or  n s i l v e r - c a d  ce l l .  If  you j 

want any more d e t a i l s  on t h a t  c e l l ,  I am s u r e  Mar t in  w i l l  be 
happy t o  p rov ide  them. H e  knows a lo t  more about  i t  t h a n  I a 

d o ,  

Next s l i d e ,  p l e a s e .  

( S l i d e  182 , )  

I n c i d e n t a l l y ,  w e  o n l y  had orr! o f  t h o s e  cells so  
t h a t  is  t h e  beg inn ing  and t h e  end o f  t h e  t e s t i n g  we d i d  on  those. 

Okay, t h i s  nex t  c h a r t  b r i e f l y  shows t h e  r e s u l t s  o f t h e  
rernanence o f  an RSN8S ce l l ,  s i x  ce l l s ,  a f t e r  p o s t  25 gauss 

exposure  and a f t e r  a p o s t  deperm, t o  g i v e  you an  i d e a  of how 
much t h e y  perm u p  and how much t h e y  c l e a n  u p  a f t e r  we deperm 
t h e  ce l l s ,  

Next c h a r t ,  p l e a s e .  

(SI ide  183,) 

Now we w i l l  get i n t o  some of t h e  s t a c k  configura- 
C -a t i o n s  t h a t  we t e s t e d .  When we s t a c k  t h e  cells together i n  





1 he9  t h e  o r d e r  shown on  t h e  second and t h i r d  viewgraph,  we i n s u l a t e d  
them e l e c t r i c a l l y  because  t h e  n e g a t i v e  e l e c t r o d e s  were con- 
n e c t e d  to  t h e  c a s e  i n  t h i s  p a r t i c u l a r  a p p l i c a t i o n .  T h i s  was 
done because  Mumetal c o n t a i n s  somewhere between 4 and 5 per-  
c e n t  c o p p e r ,  and it was hoped t h a t  t h i s  would make t h i n g s  
behave a l i t t l e  b i t .  

We have n o t  t e s t e d  t h e s e  cells m a g n e t i c a l l y  s i n c e  
we r e c e i v e d  them. They a r e  r i g h t  now i n  s t o r a g e  i n  open 
c i r c u i t  dis.:harge mode and w i l l  remain t h a t  way u n t i l  one  of  
t h e s e  days  a  f i n a l  c o n t r a c t ,  h o p e f u l l y  a t  l e a s t ,  w i l l  be sel- 
e c t e d  f o r  t h e  P i o n e e r  Veilus Program. 

And, a t  t h a t  t i m e ,  i f  i t  is deemed wise or n e c e s s a r y  
one  of these i n d i v i d u a l  c o n t r a c t o r s ,  o r  even  we in-house,  
might t a k e  a n  a d d i t i o n a l  look a t  maybe some performance and 
see how t h e y  f a r e d  o v e r  t h e  l a s t  yea r  o r  so t h a t  t h e y  have  . 
been i n  e x i s t e n c e .  

Again,  t h i s  is p r e t t y  s e l f - e x p l a n a t o r y ,  The first 
column -- I w i l l  j u s t  h i t  a  c o u p l r  of them -- is a  10-cell 
s t a c k  i d e n t i f i e d  a s  s t a c k  number I ,  fo l lowed  by a  10-cell 
s t a c k  number 2 .  Again,  w e  had 28 ce l l s .  The f i r s t  s t a c k ,  as 
I r e c a 1 1 , ' c o n s i s t s  of ce l l  s e r i a l  number 1 th rough  10 and . 
t h e  n e x t  were 10 th rough  20 or something a long  t h i s  l i n e .  

A l l  t h e  ce l ls  look  p r e t t y  r e p e a t a b l e  i n  t h e i r  rem- 
anence s i g n a t u r e  s o  w e  found o u t  a f t e r  a  w h i l e  w e  r e a l l y  
d o n ' t  worry  t h a t  much about  keep ing  t r a c k  of  t h e  i n d i v i d u a l  
ce l l s .  We were r e a l l y  l o o k i n g  for  ave rage  numbers anyway. 

Fol lowing  t h e  1 0 - c e l l  s t a c k s  a r e  t h r e e  n i n e s  and 
t h e n  two s e v e n s  and two f i v e s .  We a c t u a l l y  t e s t e d ,  I t h i n k ,  
a  c o u p l e  more s t a c k s  t h a n  t h i s ,  b u t  t h e  r e s u l t s  were q u i t e  
s i m i l a r  so o n l y  some of them a r e  p l o t t e d  up .  I shou ld  s a y  
t h e  r e s u l t s  were r e p e a t d b l e ,  l i k e  I t h i n k  t h r e e  or  f o u r  7-cell 
s t a c k s  were t e s t e d .  

A s  you c a n  see, t h e  s h o r t e r  t h e  s t a c k  g o t ,  t h e  
lesser t h e  amount of magnet ic  m a t e r i a l  c o n t a i n e d  i n  i t  and 
t h e  lower  the remnants .  S p e c i f i c a l l y ,  this p a r t i c u l a r  g raph  
g i v e s  a good i d e a  of j u s t  how t h e  remnant f i e l d  i n c r e a s e  
a s  t h e  s t a c k  l e n g t h  i n c r e a s e s .  Tha t  p a r t i c u l a r  f e ~ t u r e  t ~ z n s  
o u t  t o  be t h e  most s i g n i f i c a n t  c o n t r i b u t o r  t o  t h e  magnet ic  
e f f e c t  of t h e  b a t t e r y .  

Next c h a r t ,  p l e a s e .  

( S l i d e  184,) 

T h i s  shows f i v e  a d d i t i o n a l  c e l l  c o n f i g u r a t i o n s  o r  
pack c o n f i g u r a t i o n s .  The f i r s t  column is t h e  f i r s t  p o r t i o n  
showing t h e  X a x e s  of t h e s e  d i f f e r e n t  c o n f i g u r a t i o n s ,  fo l lowed  
by t h e  Y a x e s  measurement, and f i n a l l y  t h e  Z axes, 



The f i r s t  pack h e r e  is two 7 - c e l l  s t a c k s ,  c o n f i g u r a -  
t i o n  one ,  nnd when a l l  t h e s e  t h i n g s  a r e  i n c l u d e d  i n  t h e  f i n a l  
r e p o r t  if you d o n ' t  r e c a l l ,  t h e  c o n f i g u r a t i o n  one  was two 
s t a c k s  r i g h t  s i d e  by side, fo l lowed  by two 9 - c e l l  s t a c k s  simi- 
l a r l y  a r r anged ,  two 1 0 - c e l l s ,  t h r e e  7 - c e l l s .  Again, t h e s e  
t h r e e  7-cell s tacks  were t h r e e  s i d e  by a i d e .  And t h e n  f i n a l l y  
t h r e e  9-cell s t a c k s ,  

T h i s  is k i n d  o f  n i c e  i n  t h a t  i t -you  c a n  see j u s t  how 
t h e  d i f f e r e n t  geometry i n c r e a s e d  t h e  

Next g raph ,  p l e a s e .  

( S l i d e  185.) 

Okay. T h i s  pe rhaps  is a  l i t t l e  e a s i e r  fo r  you to  
d i g e s t  a t  t h i s  t i m e  w i t h o u t  hav ing  a l l  t h e s e  s t a c k  c o n f i g u r a - -  
t i o n  r e f e r e n c e s  and t h i s  s o r t  of  t h i n g .  From t h i s  it c a n  be 
r e a d i l y  s e e n  t h a t  t h e  o v e r a l l  rerfianence of any of t h e s e  c o n f i g -  
u r a t i o n s ,  or  s p e c i f i c a l l y  of t h e  two 3 - s t a c k  c o n f i g u r a t i o n s ,  
is by f a r  t h e  f i r s t  s t a c k .  

I n  magne t i c s  o r  i n  these tests t h e  magnet ic  f i e l d  
was measured on  a x e s  a t  70 c e n t i m e t e r s  away from t h e  geomet r i c  
c e n t e r  of t h e  ce l l  s t a c k s ,  If you t a k e  t h a t  magnet ic  compo- 
n e n t  and r o t a t e  90 d e g r e e s  o f f  t h e  a x i s  i n  any d i r e c t i o n  
your f i e l d  a t  t h a t  p o i n t  is one  h a l f  of what you measured 
on  a x i s .  

So, s p a c e c r a f t  be ing  what t h e y  a r e ,  n o t  a lways b e i n g  
a l lowed t o  p o s i t i o n  t h e  b a t t e r y  where one  would i d e a l l y ,  or 
t h e  magnetometer expe r imen te r  would i d e a l l y  l i k e  t o  p u t  i t ,  
r i g h t  on a x i s ,  t h e  f a r t h e s t  p o i n t  i n  t h e  s p a c e c r a f t  away from 
h i s  i n s t r u m e n t ,  h e  i n e v i t a b l y  e n d s  u p  having  t o  p u t  t h e  d a r n  
t h i n g  u p  on a  t o p  s h e l f  or  a  bottom s h e l f  or  somewhere off 
a x i s .  

And w i t h  t h i s  i n f o r m a t i o n  he c a n  r e a d i l y  c a l c u l a t e  a t  
any p o i n t  i n  space .what  t h e r e m e w  magnet ic  effect would be 
because  of t h i s  b a t t e r y ,  t h e s e  b a t t e r y  c o n f i g u r a t i o n s .  Because 
of  t h i s ,  you c a n ' t  j u s t  go o u t  and look  a t  t h e  lowest number,. 
l i k e  t a k e . t h e  second c o n f i g u r a t i o n .  

The X a x e s ,  w e  have someth ing  l i k e  21 gammas for 
measured remnants .  Well, t h a t ' s  r e a d i l y  i d e n t i f i a b l e  a s  t h e  
lowest remnants  on any o f  t h e  a x e s  o f  t h e  first two c o n f i g u -  
r a t i o n s  t e s t e d .  B u t  if you t a k e  t h e  Y a x i s  o f  t h a t  same 
s t a c k  and c u t  i t  i n  h a l f  and add t o  t h a t ,  you f i n d  o u t  t h a t  
you a r e  worse o f f  t h a n  you a r e  i f  you u s e  t h e  f i r s t  s t a c k ,  
which is a l i t t l e  b i t  h i g h e r  i n  X b u t  no t  n e a r l y  a s  h i g h  i n  Y, 
because  a l l  t h e s e  magnetometers f lown t h e s e  d a y s  anyway a r e  
three axes magnetometers,  They d o n ' t  j u s t  l ook  a t  t h e  X, 
t h e y  look  a t  t h e  Y and Z a l s o ,  





Okay, and t h e  l a s t  c h a r t .  

A l l  t h i s  s a y s  b r i e f l y  is t h a t  you c a n ' t  t a k e  t h e  pen- 
anonce , s i g n a t u r e  o f  a  s i n g l e  c e l l  and by adding  s c a l e  u p  
t o  a  b a t t e r y  c o n f i g u r a t i o n .  I d o n ' t  t h i n k  anybody expec ted  
t h a t  you c o u l d ,  b u t  w e  wanted t o  f i n d  o u t  i f  we c o u l d  d e v e l o p  
some i n f o r m a t i o n  which would a l l ow one  t o  make a t  l e a s t  a n  
e d u c a t e d  g u e s s  a t  how to  s c a l e  u p  o r  t o  d e v e l o p  some sort o f  
e m p i r i c a l  r e l a t i o n s h i p  t o  a c h i e v e  t h e  same r e s u l t .  

And t h e  l a s t  paragraph  h e r e  i n d i c a t e c  t h a t ,  i n  most 
c a s e s  a t  l e a s t ,  i t  l o o k s  l i k e  one  is best t o  d e s i g n  a  b a t t e r y  
s o  t h a t  -- of c o u r s e ,  you have  to  t a i i o r  i t  t o  your  own 
i n d i v i d u a l  a p p l i c a t i o n  f o r  you shou ld  p r e t t y  much make it 
uni form g e o m e t r i c a l l y  i n  l e n g t h  t o  w i d t h  a t  l e a s t ,  o r  some- 
where n e a r  t h e  same. 

And t h a t ' s  a l l  I have .  Are t h e r e  any q u e s t i o n s ?  

FORD: Any q u e s t i o n s ?  

Okay, t h a t  wraps  u p  t h e  morning s e s s i o n  t h i s  
a f t e r n o o n .  A t  t h i s  t i m e  I would l i k e  t o  have J i m  Dunlop t o  
come u p  t o  t a k e  o v e r  t h e  s e s s i o n  on t h e  m e t a l  g a s  s y s t e m s ,  

DUNLOP: I ' h a v e  t o  f i n d  o u t  who t h e  s p e a k e r s  a r e .  
The s e s s i o n  t h i s  a f t e r n o o n  is on t h e  hydrogen ce l ls ,  and 
b e f o r e  w e  s t a r t  t h i s  s e s s i o n  I want to  make one  b r i e f  comment. 

Yes t e rday  somebody asked m e  a q u e s t i o n  I t hough t  
about  l a s t  n i g h t .  H e  asked  m e  t h e  q u e s t i o n  would w e  get 
s e v e n  y e a r s '  l i f e  in a? E,TESAT s a t e l l i t a ,  and L s a i d  no.  
' I t ' s  probably  t h e  c o r r e c t  answer i f  you c o n s i d e r  t h e  t y p e  
of d a t a  t h a t  w e  have f o r  t h e  t y p e  of  s t o r a g e  mode t h a t  we 
have been u s i n g ,  which is  t h e  open c i r c u i t  c h a r g e  mode w i t h  
a  slow r a t e  d i s c h a r g e .  

We a c t u a l l y  a r e  s t r o n g l y  c o n s i d e r i n g  t h e  o p t i o n s  
of  chang ing  t h a t  mode, based  on t h e  d a t a  you saw y e s t e r d a y  
t o  a  t r i p l e  c h a r g e  mode. I want t o  make one  more comment 
t o  put this i n  p r o p e r  p e r s p e c t i v e .  

The b a t t e r i e s  t h a t  a r e  u sed  i n  INTELSAT 4 were b u i l t  
and d e l i v e r e d  i n  1969, and I t h i n k  t h a t  -- u s u a l l y  I t h i n k  
most of o u r  p r e s e n t a t i o n s  sound l i k e  we a r e  s h o o t i n g  down 
t h e  b a t t e r y  manufac tu re r s .  I would l i k e  t o  s a y  a t  t h i s  p o i n t  
i n  time t h a t  I t h i n k  t h a t  b a t t e r y  c h o i c e  was an e x c e l l e n t  
c h o i c e  i n  1969, and I would l i k e  t o  c r e d i t  t h e  b a t t e r y  manu- 
f a c t u r e r  a t  t h a t  time w i t h  p robab ly  b u i l d i n g  a v e r y  good cel l .  

One o f  t h e  t h i n g s  he c e r t a i n l y  d i d  was. p r o v i d e  a 
v e r y  e x c e l l e n t  n e g a t i v e - p o s i t i v e  r a t i o  o n  t h a t  p a r t i c u l a r  



ce l l ,  and it 's b e t t e r  t h a n  2 t o  I ,  f r a n k l y .  And a c t u a l l y ,  
e l e c t r o c h e m i c a l l y  measured it is b e t t e ~  t h a n  1.7 or 1.8 t o  
1. And we have obse rved  o n  t h i s  t r W e  c h a r g e  mode t h a t  
we a r e  m a i n t a i n i n g  good u t i l i z a t i o m  o f  t h e  cadmium e l e c t r o d e  
even  though i t 's i n  a cell .  

And t h e r e  was a l o t  o f  d a t a  p r e s e n t e d  y e s t e r d a y  
showing t h a t  w i t h  t h a t  U ; l e  c h a r g e  mode we have s u c c e s s f u l l y  
t e s t e d  t h o s e  cells f o r  y e a r s  w i t h  no f a i l u r e s  i n  t h a t  p a r t i c r  
u l a r  mode, and t h e  d a t a  l o o k s  v e r y  r e p e a t a b l e .  

Now, enough f o r  t h a t .  Nickel-hydrogen -- and t h e  
first s p e a k e r ,  it is  my p l e a s u r e  t o  i n t r o d u c e  my c o l l e a g u e  
today ,  Jo S t o e k e l ,  who is go ing  to p r e s e n t  some of t h e  
work t h a t  w e  have been do ing  a t  Comsat. 

STOEKEL: Thank you, James.  

Gentlemen, t h i s  a f t e r n o o n  I would l i k e  ' to p r e s e n t  
a summary of t h e  work t h a t  h a s  been go ing  on a t  Comsat 
L a b o r a t o r i e s .  And p r e s e n t l y  w e  a r e  f i n i s h i n g  a c o n t r a c t  
w i t h  Energy Research  C o r p o r a t i o n  f o r  t h e  d e l i v e r y  of l i g h t  
we igh t  9ickel-hydrogen cel ls ,  t h e  50 ampere v a r i e t y .  

0 

Our first s l i d e  h e r e  w i l l  be a summary of j u s t  
what i ndeed  is go ing  t o  be d e l i v e r e d .  

( S l i d e  187.) 

We a r e  e s s e n t i a l l y  h a v i n g  f o u r  g roups  o f  cells,  
and each  g roup  w i l l  c o n t a i n  f o u r  cel ls .  The first g roup  h e r e ,  
t h e  p o s i t i v e  e l e c t r o d e  w i l l  be a SAFT e l e c t r o d e  w i t h  a 
p l a t i num n e g a t i v e  e l e c t r o d e  and t h e  s e p a r a t o r  h e r e  w i l l  
be nylon .  

Going a c r o s s  t h e  t o p  h e r e ,  t h e  o t n e r  w i l l  be Goad, 
which of  c o u r s e  you r e c o g n i z e  a s  be ing  t h e  s i n t e r ,  and one  
from Energy Research which is t h e  p r e s s e d  v a r i e t y ,  and a g a i n  
o v e r  h e r e  w e  w i l l  have  a s i n t e r  e l e c t r o d e  made by SAFT . A l l  
t h e  n e g a t i v e  e l e c t r o d e s  are t h e  same. They a r e  a l l  p l a t i n u m  
w i t h  t h e  T e f l o n  back ing  on  them. 

And t h e  s e p a r a t o r s  f o r  t h i s  f i r s t  g roup  o f  cells 
w i l l  be  ny lon ,  ny lon  2505, I b e l i e v e ,  and t h e  rest of t h e  
cel ls  h e r e  w i l l  have t h e  po tass ium t i t a n a t e .  T h i s  p a r t i c u l a r  
g roup  h e r e  is a s t a c k  t h a t  is b e i n g  assembled i n  o u r  l a b o r a -  
t o r y ,  and i t  w i l l  be d e l i v e r e d  to  E X  f o r  assembly i n t o  t h e i r  
l i g h t w e i g h t  c a n .  

And h e r e .  i n  my little show-and-tell  sack, I have 
a 50 ampere hour  s t a c k  t h a t  was b u i l t  i n  o u r  l a b o r a t o r y .  
T h i s  p a r t i c u l a r  s t a k k  h a s  double  40 m i l  t h i c k  SAFT e l e c t r o d e s .  
Now I s a y  doub le .  T h a t  means t h e y  a r e  back  t o  back.  And 
it h a s  nylon a s  a s e p a r a t o r ,  I t  h a s  a T e f l o n  gas d i f f u s i o n  
s c r e e n ,  and it u s e s  a hydrogen e l e c t r o d e  made by Energy 
Research .  



Thia  s t a c k ,  a s  I hold i t  h e r e ,  we ighs  about  602 
grams, The p r e s s u r e  v e s s e l  h e r e  is a e lec t ro fo rm n i c k e l  
can ,  aga in  from ERC. T h i s  c a n  weighs, a s  I hold i t  i n  my 
hand, about 258 grams, The s t a c k  w i l l  be assembled i n  h e r e ,  
I t  w i l l  be h e l d  i n  p l a c e  by a dome on t h e  bottom t h a t  t h i a  
w i l l  be mounted to,  and t h e  busbar  i n  t h i a  c a s e  is a conrb 
arrangement chat  w i l l  go down here and t h i s  w i l l  be t h e  feed-  
through,  ana we a r e  u s i n g  t h e  Z ieg le r - type  s e a l  for t h e  feed- 
through.  

T h i s  busbar  weighs about 30 o r  40 grams, So t h a t  
p r e t t y  much -- if you load  t h e  e l e c t r o l y t e  i n t o  t h e  s t a c k  
I e s t i m a t e  maybe 100 t o  150 grams. Tha t  ce l l  r i g h t  t h e r e ,  
a s  you see i t  i n c l u d i n g  t h e  p r e s s u r e  v e s s e l ,  w i l l  g i v e  about 
24 to  26 w a t t  hours  per pound a s  i t  sits on t h e  t a b l e .  
T h a t ' s  t o  one v o l t .  

We do now have a c o n t r a c t  w i t h ,  a new c o n t r a c t ,  w i t h  
Energy Research and Eagle  P i c h e r .  I t  was a s p l i t  c o n t r a c t  f o r  
d e l i v e r y  of 32 l igh twe igh t  nickel-hydrogen cel ls .  Those 
cells coming under t h i s  c o n t r a c t  w i l l  be so -ca l l ed  "proto type  
design,"  and t h e y  w i l l  have t o  wi ths tand  dynamic' l o a d s .  

Hopeful ly w e  w i l l  have those  ce l ls  in-house for 
t e s t i n g  about e i g h t  months from now. I n  o b t a i n i n g  some 
l i t t l e  advance informat ion  on t h e  d i f f e r e n c e s  between t h e  
nylon and t h e  potassium t i t a n a t e ,  a tes t  was i n i t i a t e d  u s i n g  
s i n g l e  electrode cells. 

The next  s l i d e ,  Floyd.  

( S l i d e  188.) 

Shows p a r t i c u l a r  cel ls  t h a t  were used.  They a r e  
j u s t  s m a l l ,  one and a h a l f  ampere hour cells. They used a 
General  Electric back t o  back 27 m i l  p o s i t i v e  electrode, 
a nega t ive  e l e c t r o d e  from ERC. And t h e  s e p a r a t o r  i n  two of 
t h e  cells was potassium t i t a n a t e  and i n  two of t h e  cells  i t  
was nylon. 

The test  cycle w e  r a n  was a 3-hour c y c l e .  We 
charged f o r  1.8 hours ,  d ischarged f o r  1 .2 .  The dep th  of 
d i scharge  was 85 p e r c e n t .  Now, when I s a y  85 p e r c e n t ,  i t  
was 85 percen t  of  t h e  measured c a p a c i t y  on t h e  f i r s t  c y c l e  
t h a t  I measured on these cel ls  t o  one v o l t ,  So there is no 
de - ra t ing  or anything he re .  

Okay. The next  s l i d e  w i l l  show a comparison between 
t h e  t i t a n a t e  s e p a r a t o r  and t h e  nylon s e p a r a t o r .  

( S l i d e  189.) 

On t h i s  viewgraph you see down a t  t h e  bottom here 
t h e  d i scharge  t i re  i n  minutes,  and t h e  cell  v o l t a g e  a long here. 



lh74 T h i s  cycle h e r e  r a a  t h e  c y c l e  number 1322. Now, what you 
see h e r e  i s  a  s l i g h t  more p o l a r i z a t i o n  w i t h  t h e  KT s e p a r a t o r .  
I t 's  about 30 t o  40 m i l l i v o l t s ,  and you see t h e  normal d i8-  
cha rge  down to  -- t a k e  t h e n  a l l  t h e  way down t o  a  t e n t h  o f  
a v o l t .  

Okay. The next  s l i d e  w i l l  show t h e  c y c l e  l i f e  
of  a cel l  w i t h  a  nylon s e p a r a t o r .  

( S l i d e  190.) 

Once aga in ,  t h e  d i s c h a r g e  t i m e  a long t h e  bottom 
and t h e  cell  v o l t a g e  a long t h e  s i d e  h e r e .  Now, t h e  t o p  curve ,  
t h i s  was for  c y c l e  167 and t h e  bottom was f o r  c y c l e  1329. 
There i s n ' t  t o o  much of  a  degrada t ion  there, and what you 
see h e r e  is a  s l i g h t  i n c r e a s e  i n  t h e  c a p a c i t y  w i t h  t h e  1329th 
c y c l e ,  t h e  c a p a c i t y ,  t h a t  is, t o  a t e n t h  of a  v o l t .  

I do have ano the r  c y c l e  t h a t  I r a n ,  or ano the r  
d i scharge  a t  about 850, and what you see, t h e  c a p a c i t y  is 
bay o u t  h e r e .  Normally w h a t  i t  w i l l  do i n  a l l  t h e  cells, 
i t  w i l l  s t a r t  -- w e  .are t a l k i n g  about c a p a c i t y  to  a  t e n t h  
of a  v o l t  now -- s t a r t  h e r e  and grow o u t  t o  here and d rop  
back somewhere i n  between. 

A l l  r i g h t .  The next  s l i d e  shows t h e  KT s e p a r a t o r ;  
aga in  w e  see c y c l e  160 and cycle 1322. 

( S l i d e  193,) 

There  is very  l i t t le  degrada t ion  he re ,  a 8  you c a n  
no te .  

Okay, t h e  next  s l i d e  shows a n o t h e r  nylon cell,  
w i t h  a  nylon s e p a r a t o r ,  t h a t  is. 

( S l i d e  192.) 

There  were two of each .  I a l r e a d y  mentioned t h a t ,  
and I show t h i s  p a r t i c u l a r  cell  because i t  was t h e  first one 
t h a t  f e l l ,  Now h e r e  we see i t  up  h e r e  a t  c y c l e  1329, and . 
i t 's  showing a l i t t l e  more degrada t ion  than  t h e  o t h e r  nylon 
ce l l  showed. 

Nm, t h a t  c e l l  cont inued t o  run to  about 1500 c y c l e s  
where t h e  v o l t a g e  just a l l  went to -- i t  j u s t  dropped down 
something l i k e  t h i s .  I took t h e  cell o u t ,  and I measured t h e  
impedance, and i t  had grown from about  50 mill iohms a l l  the 
way u p  t o  somewhere i n  t h e  neighborhood o f  about  200 rilli- 
ohms. 

What I d i d  then ,  I j u s t  let t h e  cel l  sit overnight, 
and s t r a n g e l y  enough, t h e  next  day t h e  ilapedence wan up t~ 
4 oh=. What I d i d  then  wa8 -- t h i s  happened l a s t  Thursday. 





I haven ' t  t a k e n  t h e  ce l l  apar t  y - t ,  bu t  I d i d  open i t  to  
look  i n  i t ,  and it d i d  appear  t .  t t  the s e p a r a t o r  was d r y  
and t h e  p o s i t i v e  e l e c t r o d e s  had s w o l l e n  c o n s i d e r a b l y .  So 
i t  looked l i k e  t h e  e l e c t r o l y t e  i ndeed  was pushed o u t  o f  t h e  
cell.  

Okay. The nex t  s l i d e  shows a performance of a 
l a r g e r  ce l l .  

( S l i d e  193.1 

T h i s  is a 50 amp hour v a r i e t y .  T h i s  ce l l  had 
t h e  back t o  back SAFT,l millimeter t h i c k ,  or  40 m i l  t h i c k  
p o s i t i v e ,  h a s  ny lon  s e p a r a t o r ,  and had a p l a t i num n e g a t i v e  
e l e c t r o d e  from Energy Research .  And i t  was b u i l t  s i m i l a r  
t o  t h i s  here s t a c k  I showed you, compressed o n  t h e  e n d s  
w i t h  p l a s t i c  end p l a t e s  and r u n  i n  a b o i l e r p l a t e ,  

Once a g a i n ,  t h e  bottom is t h e  d i s c h a r g e  time; 
and a l o n g s i d e  h e r e  is t h e  cell v o l t a g e .  T h i s  shows c y c l e  
number 54 ,  and down h e r e  i t  shows c y c l e  number 615. T h i s  
ce l l  was c y c l e d  a t  a 65 p e r c e n t  dep th  o f  d i s c h a r g e ,  a 
t h r e e  hour  c y c l e  a g a i n ,  c h a r g e  1.8, d i s c h a r g e  1 . 2 ,  and t h e  
d i s c h a r g e  c u r r e n t  here, a s  you see, was 2 5  amps. 

U n f o r t u n a t e l y ,  the cell  only r an  t o  about  800 -- about  900 c y c l e s ,  and t h e  end of d i s c h a r g e  v o l t a g e  
a t  900 c y c l e s  was j u s t  about  r i g h t  here. What happened 
t h e r e  was t h a t  t h e  t e m p e r a t u r e  chamber went s c r e w y  on u s .  
I t  happened t o  be 6 o ' c l o c k  on a F r i d a y  n i g h t  on a 3-day 
week end t h a t  t h e  tempera ture  chamber dec ided  to go h o t  
and i t  g o t  up t o  t h e  neighborhood o f  150 t o  17ti0c. 

When I came i n  hIonday morning, t h e y  were opening  
t h e  cel l  up .  The re  wasn ' t  any s e p a r a t o r  t o  be s e e n  any- 
where.  So I was k i n d  of  d i s a p p o i n t e d  t h a t  happened. T h a t  
ce l l  was r u n n i n g  v e r y  w e l l ,  

The ove rcha rge  i n  t h e  ce l l ,  by t h e  way, was 10 
p e r c e n t ,  and t h e  ove rcha rge  on t h e  s m a l l e r  cells was 15 
p e r c e n t .  I n t e r e s t i n g  enough, t o  b r i n g  o u t  a p o i n t  h e r e ,  
is t h e  f a i l u r e  mechanism on t h e s e  cells .  

P e o p l e  have been s o r t  of s c a r e d  o f  e x p l o s i o n s  and 
t h i s  t y p e  of t h i n g ,  Now, when t h i s  ce l l  f a i l e d ,  what you 
g e n e r a l l y  see is a r a p i d  d e c r e a s e  i n  cell  p r e s s u r e  and 
accompanied by a r a p i d  d e c r e a s e  i n  t h e  t e r m i n a l  v o l t a g e .  
By no means do  you get a n  e x p l o s i o n .  

And I had a n o t k r  one ,  a n o t h e r  50 ampere hour  cell, 
t h a t  I made w i t h  uncoined  raggedy e l e c t r o d e s .  -- I t e l l - y o u  
t h e y  were raggedy  -- and i t  r a n  close to  a thousand  c y c l e 8  
where I d i d  g e t  a short on  t h e  o u t s i d e  of  t h e  ce l l ,  And 
o n c e  a g a i n ,  i t  didrt  ' t exp lode .  I t  behaved i n  t h e  manner so 



1 h76 d o r c r i b e d  h e r e  w i t h  t h e  p r e s s u r e  d e c r e a s i n g  v e r y  r a p i d l y ,  
Okay, let  me see what 1 have next h e r e  f o r  you ,  

Nay I have t h e  nex t  -- f i n a l  s l i d e ?  

( S l i d e  194.) 

Oh, t h i s  s l i d e ,  I have  a lways  h e a r d  peop le  a s k  maethis: 
how about the self-discharge of  t h e s e  nickel-hydrogen cells? 
So what I d i d ,  I took t h a t  50 ampere ce l l  when it was b rand  
new, and I d i d  measure  t h e  s e l f  d i s c h a r g e  by, of c o u r s e ,  
c h a r g i n g  it u p  and l e t t i n g  it s t a n d  f o r  -. c e r t a i n  amount o f  
times and d i s c h a r g i n g  it a l l  t h e  way down t o  a tekcth of a 
v o l t .  

T h i s  i a  t h e  c a p a c i t y  t o  a p p e a r  a t  t h e  c a p a c i t y  
remain ing  t o  a t e n t h  of a v o l t ,  and down h e r e  is t h e  open ' 

c i r c u i t  time, and I let  it r u n  o u t  to  somewhere around h e r e ,  
72 hour s ,  t h r e e  d a y s ,  And what you f i n d  is about  t h e  end o f  
t h r e e  days  you lose -- you have about  65 percent  of  your  
c a p a c i t y  r ema in ing ,  

T h i s  is a homemade log s c a l e ,  supposed t o  be a l o g  
s c a l e  u p  t h e r e ,  you c a n  b e l i e v e  t h a t .  Well, t h a t ' s  about  a l l  
I have .  Thank you. i 

J 

DUNWP: Any q u e s t  i o n s ?  
i 

STEINHAUER: I have t h r e e  q u e s t i m s .  Is t h e r e  4 

r e a s o n  for  u s i n g  p o s i t i v e s  back t o  back,  second  is t h e  di- P 
p l a t e a u  p o s i t i v e  r e l a t e d ,  and t h i r d  is there any -- a r e  3 i 
any measures  t a k e n  t o  m a i n t a i n  mechanica l  p r e s s u r e  on  t h t  
p l a t e  s t a c k ?  

STOEKEL: The f i r s t  q u e s t i o n ,  why used  back t o  back .  
The r e a s o n  for t h a t  is  t o  i n c r e a s e  t h e  ene rgy  d e n s i t y ,  to  
get wore a c t i v e  m a t e r i a l .  

STEIh'HAUER: As c o n t r a s t e d  to,  say, u s i n g  a 60 m i l l i -  
aeter e i n g l e  p l a t e ?  

STOEKEL: T h a t ' s  r i g h t .  

DUNUP: Let  me answer t h a t ,  We went t h rough  a 
program w i t h  SAFT t o  see how t h i c k  t h e y  c o u l d  make a p l acque  
w i t h  t h e  normal s l u r r y  p r o c e s s ,  and t h e y  went t h rough  a v e r y  
n i c e  s t u d y  o n  t h a t ,  and t h e  l i m i t a t i o n  was a b u t  40 m i l s ,  
To go much t h i c k e r  t h a n  t h a t  i n  t h e  a l u r r y  process, t h e y  s t a r t  
g e t t i n g  a l a r g e  v a r i a t i o n  i n  t h e  t h i c k n e s s  of t h e  p l acque .  

Now, t h a t  is t h e  answer t o  t h e  t h i c k n e s s  o f  t h e  
s i n t e r  p lacque .  I t  t u r n s  o u t  t h a t  t h e  r e a s o n  we u s e  t h e n  
back t o  back is to  i n c r e a s e  t h e  ene rgy  d e n s i t y  and to get 8 
t h i c k e r  electrode. And i t  t u r n s  o u t  t h a t  t h i s  means t h a t  w e  





r e a l l y  have an 80 m i l  t h i c k  e l e c t r o d e  w i t h  t h e s e  two 40 m i l s  
back to back. 

We f i n d  -- we a c t u a l l y  make f l o o d e d  measurement-s of 
t h e s e  e l e c t r o d e s  a s  i n d i v i d u a l  e l e c t r o d e s  p r i o r  to  as sembl ing  
i n  the  cell .  When .he  p u t  t h a t  50 ampere hour  cel l  t o g e t h e r  
a n d s h e  measures  t h a t  t o t a l  c a p a c i t y ,  he  is t a l k i n g  about  95 
to  96 p e r c e n t  of t h e  c a p a c i t y  h e  was a b l e  t o  measure  f l o o d e d .  

So t h e  u t i l i z a t i o n  a t  t h e  r a t e s  t h a t  we a r e  u s i n g  
is e x c e l l e n t  w i t h  t h e s e  t h i c k  e l e c t r o d e s ,  . u s i n g  them back to 
back, and w e  c a n ' t  make them i n  t h e  s i n t e r  p r o c e s s  w i t h  t h e  
s i u r r y  p r o c e s s  any t h i c k e r  t h a n  40 m i l s .  

STEINHAUER: P l a t e a u  -- is t h e  p o s i t i v e  p l a t e  
related? 

STOEKEL: Y e s .  

STEIMIAUER: Do you u s e  any a t t e m p t  i n  c o n t r o l l i n g  
a e m h a c a  pres su re  e s p e c i a l l y  on  t h e  s e p a r a t o r ?  

STOEKEL: Yes, you c a n  see i t  h e r e .  T h a t ' s  what t h e  
e n d p l a t e  is  for h e r e .  R igh t  now I am j u s t  u s i n g  a  t h r e a d e d  
r o d  w i t h  screws, n u t s  on t h e  e n d .  And I have been f c o l i n g  
around w i t h  t h e  optimum squash ing .  

STEINHAUER: I t ' s  a  f i x e d  set  r a t h e r  t h a n  a  s p r i n g  
loading?  . 

STOEKEL: T h a t ' s  r i g h t ,  t h e r e  is no  s p r i n g  l o a d i n g .  

KRAUSE: What o p e r a t i n g  p r e s s u r e  have you been 
runn ing  a t  on t h e  hydrogen? 

STOEKEL: T h i s  p r e s s u r e  runs, w i t h  t h i s  p a r t i c u l a r  
cel l  h e r e ,  w i l l  r u n  u p  t o  about  600 p s i .  - 

KRAUSE: Is t h a t  what  t h e y  have been r u n n i n g  o n  
your  tests? 

STOEKEL: Yes -- no,  t h e  s m a l l e r  cells r a n  from 
250 to  150, and t h e  b o i l e r p l a t e  ce l l  r a n  about  600 t o  250, 
something l i k e  t h a t .  

KRAUSE: The o t h e r  q u e s t i o n  I had was whe the r  or 
n o t  you have s e e n  any water loss from t h e  s t a c k ,  and i f  so, 
a r e  you t a k i n g  any steps? 

SI'OEKEL: Yes, you do. When I make a  ce l l  f p u t  
it toge the r  i n  t h e  b o i l e r p l a t e ,  and I draw a  vacuum and 
kathe t h e  e n t i r e  cell  w i t h  e l e c t r o l y t e  and let  i t  sit over- 

n i g h t  u n t i l  i t 's  comple t e ly  f l o o d e d .  And I t a k e  it o u t  and 
pump t h e  e l e c t r o l y t e  ou t .  and towel d r y  i t ,  and t h e  f i r s t  



i 
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c o u p l e  c y c l e s  e l e c t r o l y t e  w i l l  squeeze  o u t  of t h e  s t a c k .  

STOEKEL: Yes -- you mean such  n s  en t r a in lnen t  i n  
t h e  gas? 

KRAUSE: You a r e  no t  put t i n g  any l i n k i n g  i n  t h e r e ?  

STOEKEL: No, no t r i c k s .  J u s t  s t r a i g h t f o r w n r d  
so f a r .  

HAAS: I n o t i c e d  on your open c i r c u i t  d a t a  you 
a r e  showing a  r e d u c t i o n  i n  pressu i*e  . On what size ce l l  were 
you e v a l u a t i n g  t h e r e .  And t w o ,  what was t h e  t y p e  o f  .separa- 
t o r  t h a t  was be ing  used  i n  t h a t  ce l l?  

STOEKEL: That c e l l  was t h e  50 ampere hour  cel ls  
t h a t  I had shown i n  t h e  p r e v i o u s  s l i d e .  I t  had t h e  ny lon  
s e p a r a t o r .  And what was t h e  first q u e s t i o n ?  

HAAS: I t h i n k  t h a t  c o v e r s  i t .  One o t h e r  p o i n t ,  
have you s e e n  o t h e r  d i s c h a r g e  m t e s  u t i l i z i n g  d i f f e r e n t  
s e p a r a t o r s ?  

STOEKEL: No. 

GASTON: The l a s t  1 2 ,  t h e  s e l f  d i s c h a r g e  which you 
showed, a t  what t empera tu re  is t h a t  t r u e ?  

STOEKEL: Twenty-three d e g r e e s  c e n t i g r a d e .  I 

GINTER: I would q u e s t i o n  t h e  l i n e a r i t y .  I t h i n k  
i t  is very  s l o w .  I t  is n o t  a s t r a i g h t  l i n e .  

DUNLOP: I t  was supposed t o  be  l o g a r i t h m i c  b u t  he 
made a s k e t c h .  

STOEKEL: I s a i d  i t  was a homemade l o g  p l o t .  

GINTER: I t  l e v e l s ?  

STOEKEL: Oh, d e f i n i t e l y .  

FORD: Your d i s c h a r g e  v o l t a g e s  a r e  very s i m i l a r  
t o  some we expe r i enced  w i t h  NiCd's .  And a l l  your  r e f e r e n c e  
so f a r  is t o  t h e  ampere hour s  t o  a t e n t h  of a v o l t .  But 
what I f i n d  i n t e r e s t i n g  about  t h e  d i - l h a r g e  p r o f i l e ,  t h a t  
if you look  a t  t h e  t o t a l  a rea  011 t h e  c u r v e  w i t h  t h e  d a t a  you 
have shown t h e  appa ren t  energy  s t o r a g e  is an approximate  
t h i n g .  

Every time you g e t  a p r e s s u r e  w i t h  d i s c h a r g e  



l h 7 9  v o l t a g e  you see a  s l i g h t  i n c r e a s e  i n  the c a p a c i t y ,  Hnve you 
i h o u ~ h t  :thou t l o o k i n g  ; ~ t  the cliclls;:'r- s lorn;:c% 1.c 1 n t . i  o n s h i  p w i t  1 1  
cj.c lt. l i l c  un t ticst. cells to  cotnplo~rrcilt the m p e r e  h o u r  d a t a  
t h a t  you a r e  g e t t i n g ?  

STOEKEL: NO. 

FORD: T h a t ' s  a  s u g g e s t i o n .  I t h i n k  you w i l l  be 
i n t e r e s t e d  i n  i t .  

STOEKEL: Thank you.  

BILLERBECK: B i l l e r b e c k ,  C o ~ n s a t .  I still h e a r  a  
few comments a b o u t  s a f e t y .  You migh t  wnnt t o  comment a g a i n ,  
a s  h e  ment ioned  i n  o t h e r  p a p e r s ,  a b o u t  t h e  p r e s s u r e  a n d  
wha t  l i m i t a t i o n s  you ge t  o n  t h e  p r e s s u r e ,  and  wha t  sor t  o f  
p e r s o n n e l  s a f e t y  a s p e c t s  a r e  t h e r e .  

STOEKEL: Okay, B i l l .  I g o t  so s a t u r a t e d  i n  show- 
i n g  some of t h o s e  s l i d e s  w i t h  t h e  e l e c t r o c h e m i c a l  r e a c t i o n s  

and t h e  p r o f i l e  o f  t h e  p r e s s u r e  a s  you c h a r g e  t h e  c e l l .  I 
t h o u g h t  everyone  would h a v e  known a b o u t  them by now. 

But anyhow, what  B i l l  i s  s a y i n g  is, a s  i l ldeed  you 
do  c h a r g e  t h e  c e l l ,  when you g e t  t o  o v e r c h a r g e  you g e n e r a t e  
t h e  oxygen 011 p o s i t i v e  e l e c t r o d e  and  it v e r y  r a p i d l y  
r e c o m b i n e s  w i t h  t h e  hydrogen  dn t h e  n e g a t i v e .  And t h e r e  is 
no  danger  o f  o v e r p r e s s u r i z i n g  t h e  c e l l .  2 

The same t h i n g  w i t h  r e v e r s a l ,  when you get down, 
r u n  a  c e l l  i n  the r e v e r s a l ,  you get 11ydrogc.1 b e i n g  g e n e r a t e d  
a t  t h e  p o s i t i v e  and  t h e n  i t ' s  a g a i n  u s e d  u~ a t  t h e  n e g a t i v e .  
So  it 's a v e r y  s t a b l e  s y , d t e m .  

KRAUSE: D o e s n ' t  t h e  c o m b i n a t i o n  of t h e  oxygen o v e r -  
c h a r g e  w i t h  t h e  hydrogen t e n d  t o  h a v e  a  t e n d e n c y  t o w a r d  a 
thermodynamic s y s t e m  t h e r e ?  

STOEKEL: No, w e  h a v e  n e v e r  s e e n  -- what  you see, 
y e s ,  t h e  t e m p e r a t u r e  of t h e  cel l  d e f i n i t e l y  w i l l  i n c r e a s e  o n  
o v e r c h a r g e .  And i t ' s  v e r y  much d e p e n d e n t  o n  t h e  ra te .  

DUNLOP: A s  a m a t t e r  o f  f s c t  -- let  m e  j u s t  make a  
comment, t h e  a q p m e n t  o f  s t a b i l i t y .  Nc c o n t i n u o u s l y  o v e r -  
c h a r g e  for  d a y s  a t  a  C r a t e  o n  t h e s e  b i g  c e l l s ,  for  example .  
Of c o u r s e  I d o n ' t  recommend t h a t  t h a t ' s  n good i d e a ,  but  
t h e r e  is e v e r y  i n d i c a t i o n  t h a t  you have  a n  o v e r c h a r g e  c a p a -  
b i l i t y  a t  l e a s t  f o u r  times g r e a t e r  t h a n  you do i n  a n i c k e l -  
c a d  c e l l  when you have  ample  cadmium f o r  o v e r c h a r g e  p r o t e c t i o n .  

Now, t h e r e  is a n  i n t e r e s t i n g  p o i n t  h e r e  t h a t  h a s n ' t  
b e e n  b r o u g h t  u p  y e t  e i t h e r .  When you c y c l e  a c e l l  i n  none of 
t h e  modes t h a t  a r e  d e s c r i b e d  d o  you mnke o r  consume w a t e r .  
T h e r e  is no  net b u i l d u p  o r  loss of w a t e r  i n  t h e  e l e c t r o l y t e  
i n  c y c l i n g  a  n i c k e l - h y d r o g e n  c e l l ,  T h e r e  is i n  a n i c k e l - c a d  
c e l l .  



KRAUSE: Would you expec t  a r e a c t i o n  t o  a c u r v e  
w i t h  t h e  oxygcn-hydrogen recombinat  i o n  if t h e  p l a t i num was 
d r i e d  o u t  and exposed ,  s o  t o  s p e a k .  

DUNIQP: You a r e  making w a t e r  a t  t h a t  s u r f a c e ,  By 
t h e  way, you know the p a r t i a l  pressu.re of  oxygen t h a t  we 
normally obse rve ,  we c a n ' t  even ,  a t  t h o s e  rates, w e  neve r  see 
more t h a n  n p a r t i a l  p i8essure  o f  1 p e r c e n t  oxygen. And even ,  
by  t h e  way, when we a r e  runn ing  a t  t h e s e  100 and 200 p s i  t o  
t a k e  g a s  samples, i t  is a lmos t  ha rd  t o  f i n d  t h e  oxygen. A 
v e r y  low p o r t i o n  o f  your g a s  i n  the re is oxygen. 

The f a c t  t h a t  w e  e v e r  r u n  t h e  h y d r i d e s  is a l s o  a 
good i n d i c a t i o n  t h a t  t h e r e  i s  a very l o w  amount of oxygen 
showing up.  

WARNOCK: Wnrnock, Ail* Fort,). In t h e s e  ce l ls  where 
you have a s t a c k  of hydrogen t h a t  are n o t  i n  v e r y  good the rma l  
c o n t a c t  w i t h  t h e  c a s e ,  have you measured t h e  t e m p e r a t u r e  rise 
on t h e  s t a c k  w i t h  r e s p e c t  t o  the c a s e ,  and what a r e  t h e  i m p l i -  
c a t i o n s  of t h a t  t e m p e r a t u r e  d i f f e r e n t i a l  f o r  d r i v i n g  water 
o u t  o f  t h e  electrolyte? 

STOEKEL: Y e s .  One t i m e ,  a y e a r  and a h a l f  ago, 
I  made a 25 ampere hour  cel l  and a c t u a l l y  pu t  thermocouples  
i n t o  t h e  s l a c k .  And i t  j u s t  performed e x a c t l y  l i k e  I 
expec ted .  1.t Lncreused on overc l ia rge ,  i n c r e a s e d  s l i g h t l y  on 
d i s c h a r g e ,  i n c r e a s e d  v e r y  r a p i d l y  a s  t h e  t he rmovo l t age  f e l l  
o f f ,  and when I  g o t  i n t o  r e v e r s a l  t h e  t empera tu re  t h e n  
r e t u r n e d  t o  normal .  

And hydrogen, a g a i n ,  is a v e r y  good, is an e x c e l l e n t  
t h e r n a l  c o n d u c t o r .  

HOLLECK: Tyco Labs. What were t h e  t e m p e r a t u r e  d i f -  
f e r e n t i a l s ?  

DUNLOP: Let  m e  answer .  We a c t u a l l y  p r e s e n t e d  t h a t  
d a t a  i n  t h i s  paper  t h a t  D r .  G ine r  and I  gave, and w i l l  come 
o u t  one  of  t h e s e  days i n  t h e  l i t e r a t u r e .  A c t u a l l y  Tyco made 
a ce l l  s i m i l a r  t o  t h i s ,  b u t  t h e  t e m p e r a t u r e  d i f f e r e n c e  is 
d u r i n g  t h e  normal c h a r g i n g  o r  a c t u a l l y  t h e r e  is no d i f f e r e n c e .  

The ce l l  is n o t  d i s s i p a t i n g  any h e a t  a t  a l l ,  b u t  t 
once  you go  i n  t h e  ove rcha rge  r ange  you r u n  about  10  d e g r e e s  1 
h i g h e r .  I t h i n k  i t  was n C r a t e  o r  a C/2  r a t e .  We are o n l y  I 

r unn ing  about  10 d e g r e e s  h i g h e r  i n  t h e  c e n t e r .  T h a t  was t h e  I 1 
h o t t e s t  t e m p e r a t u r e ,  t h e  c e n t e r ,  t h a n  w e  ware a t  t h e  case. 



Now a c t u a l  l y  t h e  highest ,  t e m p e r a t u r e  s h o t  u p  when 
we went i n t o  d i sc i l a rge ,  we gat  n s l i g h t  pcnk when we v e n t  
i nt 'o rlisc!1:11~;~c. L l ~ c ! n  i t d l * o p p ~ i  of .f . . \ ! * < I  i 11 rcvcrsnl you 
g o t  v e r y  l i t t l e  h e a t  d i s s i p a t e d ,  see a very low t e m p e r a t u r e  
i n  r e v e r s a l .  

GINER: One of t h e  problems o f  t h e  nickel-hydrogen 
c e l l  y a u ' s e e  -- w i t h  e l e c t r o l y t e  -- I d o n ' t  t h i n k  i t 's a s  
much a s  t h e  w a t e r  problem, because  i t ' s  t r u e  it is h o t  on  
t h e  i n s i d e  b u t  t h e  vapor  e v a p o r a t e s  more.  So you e v a p o r a t e  
more, t h e  p r e s s u r e  gets h i g h e r ,  t h e  d v i v i n g  f o r c e  is t h e  
o t h e r  way o u t .  

I t h i n k  t h e  problem may be g a s s i n g  w h i l e  c h a r g i n g .  
You may s p l a s h  o u t  t h e  e l e c t r o l y t e ,  bu t  t h e r e  a re  some 
i n d i c a t i o n s  t h a t  when you observe t h e  perfornmnce i f  you put  
i n  e l e c t r o l y t e s  t o o  you w i l l  r e c o v e r  the performance.  

DUNLOP: We d i d n ' t  show t h i s ,  b u t  w e  have o t h e r  
s m a l l e r  c e l l s  t h a t  have r u n  u p  t o  8,000 c y c l e s  now, and i n  
t h o s e  ce l l s  we d i d  have a  v a r i e t y  of p a r a m e t e r s ,  which a g a i n  
were r e p o r t e d .  But one  o f  t h e  v a r i a b l e s  was t h e  t y p e  Of 
e l e c t r o d e  t h a t  w e  u s e d .  a t  t h e  hydrogen e l e c t r o d e ,  and when 
we d i d n ' t  u s e  a  hydrophobic  t y p e  e l e c t r o d e  w e  d i d  l o s e  elec- 
t r o l y t e  by g a s  en t r a inmeu t  and we d i d  see d r y i n g  o u t .  

GANDEL: Gande l ,  Lockheed. Going Sack t o  t h i s  
q u e s t i o n  of overpressui*e and danger  of e x p l n s i o n ,  I would 
j u s t  l i k e  t o  make t h e  comment t h a t  you were t a l k i n g  about  
an ae rospace  l i g h t w e i g h t  d e s i g n  c e l l ,  work ing  w i t h  a s a f e t y  
f a c t o r  o f  maybe 2 t o  1 i n s t e a d  of a conven t ion31  4 to 1 or 

o r e .  

And going  back t o  nickel-cadmium, you a r e  o p e r a t i n g  
on  a  s a f e t y  f a c t o r  more l i k e  10 to  1 on t h a t  k i n d  of  c e l l .  
So i n  t h e  e v e n t  t h a t  you d i d  have a f a i l u r e  o f  a weld o r  a 
sea l ,  and you have a p r e s s u r e  v e s s e l  a t  f o u r  or f i v e  hundred 
p s i ,  if t h a t  ' t h i n g  a t  t h a t  p o i n t  l e t s  go you have a bomb. 
I d o c ' t  see how you c a n  f o r g e t  t h a t .  i 

i 
DUNLOP: Why won ' t  t h e  g a s  j u s t  l e a k  ou t?  Why is it  

a bomb? The gas j u s t  l e a k s  o u t .  I 
GANDEL: I f  it comes about  g r a d u a l l y .  But i f  i t  

d e c i d e s  to r i p .  

DUNLOP: Okay, I 
! 

STEINHAUER: What is your c u r r e n t  d e g r e e  of i n t e r e s t  i ; 
i n  t h i s  s t o r a g e  -- is that still a c t i v e ?  ! 

DUNLOP: Very a c t i v e ,  f o r  a l o t  o f  d i f f e r e n t  reasons . !  , 
I am no* sure whether  t h e y  a r o  t h e  r i g h t  r e a s o n s  o r  n o t ,  i 



KRAUSE: I :/as w o n d e r i n g ,  J i m ,  i f  you have done  
any rne:~surc~nc.i~ts or  i n t c - n d  t o  ctn R I I Y  IIIPRSU~*CIIICI)  t-s 011 
t:\n:;nct jl:*opc~'t.y of tlic cell, a i l c l  cliotiici' 0;' uoi; i t  w i l l  
be c o m p a r a b l e  t o  N i C d t s ,  

DUNLOP: We haven '  t done  a n y t h i n g  o n  t h e  m a g n e t i c  
p r o p e r t i e s .  I am s u r e  t h a t  K l e i n  would l i k e  t o  answer  t h a t  
: w e s t i o n .  

KRAUSE: The  o t h e r  q u e s t i o n  I h a v e  is w h e t h e r  o r  
n o t  w e  e x p e c t  t o  see any  e l e c t r o l y t e  management p r o b l e m s  
o n  t h e  s p a c e c r a f t  . 

DUNLOP: A good q u e s t i o n .  T h e m  is a  v e r y  a c t i v e  
program r i g h t  now t o  s t a r t  l o o k i n g  a t  t h e s e  t h i n g s .  By t h e  
way,  I d o n ' t  want  t o  d e v i a t e  t o o  much o n  t h e s e  t h i n g s , .  
b e c a u s e  w e  d o n ' t  know t h e  answer  y e t ,  so w e  w i l l  be g e t t i n g  
t h i s  k i n d  of i n f o r m a t i o n  i n  t h e  n c n r  f u t u r e - .  

T h e r e  is a n  argument h e r e  t h a t  marbe s u b s t a n t i a t e s  
the u s e  of p o t a s s i u m  t i $ a n a t e  a l s o .  

GINER:  I wanted  t o  comment a g a i n  o n  t h e  two s t e p s  
t h a t  you have  shown i n  most of  y o u r  c y c l e s .  You see t h e  t w o  
s t e p s  a t  t h e  c y c l i n g ,  and t h e n  you c a n  remove t h e  s e c o n d  
s t e p s ,  sometimes. 

DUNLOP: By r e c o n d i t i o n i n g  a l l  t h e  time. T h a t ' s  a  
good p o i n t .  

GINER: A l l  t h e  t i m e .  The memory effect,  I d o n ' t  
doub t  t h i s  is due  i n  p a r t  t o  t h a t ,  b u t  t h e  n i c k e l - h y d r o g e n  
c e l l  is v e r y  good b e c a u s e  i t  a l l o w s  u s  t o  set  a n i c k e l  clec- 
trode s e p a r a t e l y .  

DUNLOP: R i g h t .  I was  g o i n g  t o  make a  g e n e r a l  com- 
ment 011 t h a t  v e r y  p o i n t  t o o ,  s o  I am g l a d  you b r o u g h t  i t  u p ,  
Based un some o f  t h e  d i s c u s s i o n s  t h a t  came o u t  t h i s  morn ing ,  
t o  augment what  D r .  G i n e r  j u s t  s a i d ,  i n  a  n i c k e l - h y d r o g e n  cell  
t h e  hydrogen e l e c t r o d e  is e x t r e m e l y  s t a b l e .  And t h e  p o l a r i -  
z a t i o n  l o s s e s  t h a t  you see a t  t h a t  e l e c t r o d e  a r e  v e r y  s m a l l .  

F o r  t h e  cur rmt  densities that we are operating t h i s  
p a r t i c u l a r  e l e c t r o d e ,  w h i c h  a r e  s t i l l  u n d e r  20 m i l l i a m p s  per 
c e n t i m e t e r  s q u a r e d ,  t h i s  is i n  a  v e r y  s t a b l e  e l e c t r o d e .  
T h e r e f o r e ,  what  you o b s e r v e ,  i n  terms o f  the p e r f o r m a n c e  d a t a  
u p  h e r e ,  is p r o b a b l y  a  much better c h e c k  o n  how t h e  n i c k e l  
e l e c t r o d e  b e h a v e s  t h a n  a n y  of t h e  d a t a  t h a t  is p r o b a b l y  p r e -  
s e n t e d  o n  a  lo t  o f  t e s t i n g  t h a t  is done o n  nickel-cadmium. 

The p o i n t  I want  t o  make t h e r e  is t h a t  w e  d o  n o t  
see i n  o u r  h i g h - r a t e  c y c l i n g  t h i s  k i n d  of a n  e f f e c t ,  a b s o l u t e l y  
d o  n o t  see t h a t .  
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STEINHAUER: J i m ,  on your  ce l l  where you do see 
t h a t  dotiblc plrrtcuu and you a ~ c  i.econtli t i o n i n g ,  daes i t 
recur soone r?  I ! 

DWLOP: I d o n ' t  know, Bob. U n f o r t u n a t e l y ,  we 
d o n ' t  have a lot o f  d a t a  on t h a t  r i g h t  now, bu t  J o e ' s  tests 
he u s u a l l y  does  i t  about  e v e r y  100,  200 c y c l e s ,  and I d o n ' t  
t h i n k  h e  brought  some o f  t h a t  d a t a  w i t h  him to  sho~v t h a t  
effect. 

STOEKEL: Nc. I w a i t  f o r  200 c y c l e s  b e f o r e  I c a n  
measure t h e  c a p a c i t y .  But you do see t h e  expec ted  i n c r e a s e  
i n  v o l t a g e  on t h e  subsequent  c y c l e  t h a t  r a p i d l y  d r o p s  o f f ,  
s a y  i n  40 or  50 c y c l e s .  

STEINHAUER: T h a t ' s  n o t  d i m i n i s h i n g  i n  t e rms  o f  
number of c y c l e s  before it o c c u r s  a t  t h e  end? 

DUNLOP: I d o n ' t  know. We d o n ' t  have a lo t  o f  d a t a  
on t h a t .  One t h i n g  s h o u l d  b e  s a i d  i n  a d d i t i o n .  Joe p o i n t e d  
o u t  t h e  work w e  a r e  do ing .  S e e ,  w e  a r e  a l s o  f i n i s h i n g  u p  a  
program w i t h  Tyco, and t h e y  have a n o t h e r  c a n  design s l i g h t l y  
d i f f e r e n t  t h a n  t h i s .  T h a t  is q u i t e  good, too. I t ' s  made 
from I n c o n e l ,  and wc w i l l  b e  f i n i s h i n g  t h e s e  cel ls  and 
t e s t i n g  t h e m  s h o r t l y  t o o  w i t h  a  s t a c k  v e r y  s i m i l a r  t o  t h e  
one  Joe showed. 

BILLERBECK: B i  l l e r b e c k ,  Comsat.  You mentioned a 
s e p a r a t o r .  Theye was no e l e c t r o l y t e  i n  t h e  s e p a r a t o r .  \Vere 
you a b l e  t o  see w h e r e  t h e  e l e c t r o l y t e  was? 

STOEKEL: No. I h a v e n ' t  t a k e n  t h e  s t a c k  a p a r t  y e t .  
I t  appeared to  be v e r y  d r y  f rom j u s t  l o o k i n g  and f e e l i n g  i t ,  
b u t  I h a v e n ' t  t a k e n  it a p ~ r t .  

LANDER: What is t h e  h i g h e s t  a v e r a g e  on your  c y c l e  
time, of  its t e m p e r a t u r e  on your  c y c l e  t i m e ?  

STOEKEL: Extended c y c l e  t e s t i n g  h a s  been done a l l  
a t  room t e m p e r a t u r e ,  23% or so. 

DUNLOP: We have done some h igh  t e m p e r a t u r e  t e s t i n g  
b u t  mos t ly  f o r  performance,  n o t  c o n t i n u o u s  c y c l e  

HELLER: H e l l e r ,  Hughes.  What margin does  your  
p r e s e n t  p r e s s u r e  v e s s e l  d e s i g n  a l low f o r ?  

STOEKEL: That  one  I showed you r i g h t  t h e r e  b u r s t  ! I 
a t  1500 psi. : 

DUNLOP: We w i l l  go on  t o  t h e  ne* one .  Thank you 
I 

I 

very much , 



l 11 84 I would l i k e  a t  t h i s  t i m e  t o  i n t r o d u c e  o u r  n e x t  
spcnkur. who w i l l  lw Yarty  K l c i ~ l  f r o ~ x  I':~lt:l.gy I E C S C ~ ~ ~ C I I  C o r p o -  
r a t  i o i ~  . 

KLEIN: A c t u a l l y ,  t h i s  is p r e t t y  s i m i l a r  t o  what 
Joe s p o k e ,  so we w i l l  r u n  p r e t t y  q u i c k l y  t h ~ o u g h  i t .  

Can I h a v e  t h e  f i r s t  s l i d e ?  

T h i s  is a s e c t i o n  o f  t h e  50 ampere h o u r  ce l l s  we 
w i l l  be d e l i v e r i n g  t o  Comsa t ,  u s i n g  t h e  same cal l  t h a t  Joe 
showed you .  Our s t a c k  c o n s t i * u c t i o n  is  a l i t t l e  d i f f e r e n t ,  
and w e  a r e  u s i n g  p l a s t i c  e n d p l a t e s  and  t i e  r o d s  a r o u n d  t h e  
o u t e r  d i a m e t e r  o f  t h e  e l e c t r o d e s .  And a  nunibcr of t h c s e  t i e  
r o d s  a c t u a l l y  come down and  a r e  w e l d e d  t o  t h e  b o t t o m  z o n e  to  
lock t h e  whole  s t a c k  i n  p l a c e .  

And w e  b r i n g  w i r e s  d i r e c t l y  o u t  o f  t h e  r e s p e c t i v e  
e l e c t r o d e s ,  t h e  hydrogen  e l e c t r o d e s  w i t h  n i c k e l  wires o u t  
t h i s  s i d e ,  t h e '  n i c k e l  e l e c t r o d e s  t h e  o t h e r  way,  t h r o u g h  
i n s u l a t e d  f e e d  t h r o u g h  t e r m i n a l s .  

I n  answer  t o  a c o u p l e  of q u e s t i o n s  t h a t  came u p ,  
o n  t h e  t h e r m a l  s i t u a t i o n ,  is t h a t  you h a v e  v i r t u a l l y  n o  
l o c k i n q ,  t h e r m a l  l o c k i n g  o f  t h e  s t a c k  to  t h e  c a n .  Ai~d t h e  
h e a t  t r a n s f e r  is a l o n g  t h e  p l a n e  o f  t h e  e l e c t r o d e s ,  w h i c h  is 
v e r y  good i n  t h i s  d i r e c t i o n  b e c a u s e  t h e  e l e c t r o d e s  a r e  
s t a c k e d  t h i s  way.  And t h e n  t h e  h e a t  h a s  got t o  jump t h e  
hydrogen g a s .  I t  t u r n s  o u t  t h a t  h y d ~ o g e n  is q u i t e  a  good 
t h e r m a l  c o n d u c t o r .  

Our measurements  show a b o u t ,  w e l l ,  o f  c o u r s e  i t  
d e p e n d s  on t h e  r a t e .  The  w o r s t  c a s e  h e a t  t r a n s f e r  s i t u a t j o n  
is when you a r e  o v e r c h a r g i n g  a t  h i g h  r a t e s ,  s o  you h a v e  t o  
l o c k  a t e m p e r a t u r e  difference d e p e n d a n t  o n  t h e  r a t e  a t  w h i c h  
you a r e  g e n e r a t i n g  t h e  h e a t .  

For a  t y p i c a l  25 a-p d i s c h a r g e  c e l l ,  t h e r e  is  a b o u t  
a A OF D e l t a  T be tween  t h e  c e n t e r  o f  t h e  s t a c k  anrd t h e  o u t e r  
w a l l .  I f  you t a k e  t h e  h e a t  away, you a r e  o k a y ,  b e c a u s e  w i t h  
t h e  e l e c t r o l y t e  c o n c e n t r a t i o n  30 or 35 p e r c e n t ,  I t h i n k  i n  
o r d e r  t o  get  c o n d e n s a t i o n  you h a v e  t o  h a v e  a D e l t a  T  o f  a b o u t  
18OF b e f o r e  c o n d e n s a t i o n  w i l l  o c c u r  d u e  t o  v a p o r  p r e s s u r e  
d i f f e r e n c e s  . 

Can I h a v e  t h e  n e x t  s l i d e ?  

( S l i d e  1 9 6 . )  

T h i s  j u s t  shows sr " i c k e l  e l e c t r o d e  w i t h  t h e  wi rea 

Next slide. ! 



( S l i d e  1 9 7 ~ )  

\\'hat- wc d o  i s  wc: makc.  n n  : ~ ~ : ; ~ , : * ' i ? l y  t h a t  consists 
of a nicke l  e l e c t r o d e  a s  p r e v i o u s l y  shown w i t h  t h e  s c p a r a t o r  
m a t e r i a l  o f  t h e  same s ize .  And w e  use a  h e a t  s h r u n k  t u b e  
t o  l a m i n a t e  a  l a y e r  of t h e  s e p a r a t o r  on  either s ide ,  and t h i s  
gets  u s  away f rom t h i s  edge s h o r t i n g  p rob lem,  p l u s  i t  makes i t  
easier f o r  t h e  a s s e m b l y  of t h e  s t a c k  

As f a r  a s  t h e  s e p a r a t o r  -- t h e  p o i n t  came u p  y e s t e r -  
d a y  and le t  m e  t a l k  some more  a b o u t  t h a t  A t  t h e  o u t s e t  of 
o u r  n i c k e l - h y d r o g c ! ~  i n v c s t i g a t i o n ,  we f e l t  t h a t  t h e  c r i  teri o 
f o r  t h e  s e l e c t i o n  of t h e  s c p a r a t o r  is somewhat d i f f e r e n t  t h a n  
e v e n  c o n v e n t i o n a l  n jckel -cadmium ce l l s .  

You a r e  e v o l v i n g  h y d r o g e n ,  and t h e r e  a r e  p o s s i b l e  
p r o b l e m s  t h n t ,  a s  t h e  g a s  e v o l v e s ,  you c a n  h a v e  e l e c t r o l y t e  
e n t r a i n m e n t  i n t o  t h e  gas. So we t h o u g h t  ( a )  you would  wan t  
a s e p a r a t o r  m a t e r i a l  t h a t  had much better c a p i l l a r y  h o l d i n g  
c h a r a c t e r i s t i c s  t h a n  t h e  conventions 1 nonwoven m a t e r i a l s .  
Also i t ' s  p r e t t y  n i c e  t o  h a v e  m a t e r i a l  t h a t ' s  more c h e m i c a l l y  
s t a b l e  t h a n  t b e  n y l o n s  or p o l y p r o p y l e n e s .  

We came upon u s i n g  t h i s  p o t a s s i u m  t i t a n a t e ,  w h i c h  
we make o u r s e l v e s ,  and i t  is a  m a t e r i a l  t h a t  r u n s  a b o u t  7 m i l s  
t h i c k .  I t  is s l i g h t l y  more r e s i s t a n t  t h a n  n y l o n ,  a s  Joe's 
d a t a  showed on  t h e  l i f e  t e s t i n g .  However, from wha t  w e  h a v e  
s e e n ,  i t  is c o m p l e t e l y  c h e m i c a l l y  i n e r t  and h a s  v e r y  good 
e l e c t r o l y t e  r e t e n t i o n  c h a r a c t e r i s t i c s ,  and i t  h a s  e n a b l e d  u s  
t o  r u n  cel ls  w e l l  o v e r  a  t h o u s a n d  c y c l e s  a c d  w i t h  no  electro- 
l y t e  loss .  

Can I h a v e  t h e  n e x t  s l i d e ?  

( S l i d e  198,) 

T h i s  shows t h e  hydrogen  e l e c t r o d e  t h a t  w e  d e v e l o p e d  I 

for  t h i s  c e l l ,  and i t  is e s s e n t i a l l y  t h e  same e l e c t r o d e  t h a t  
a l l  t h e  d a t a  t h n t  Joe p r e s e n t e d  employed.  Here t o o ,  t h e r e  is 
some c o n c e r n ,  and t h e m  is a r i g h t  way and a  wrong  way 

Can I have  t h e  n e x t  s l i d e ?  

( S l i d e  1 9 9 . )  

T h e  b a c k  of o u r  hydrogen  e l e c t r o d e  c o n t a i n s  a  micro- 
p o r o u s  layer of T e f l o n ,  and  t h i s  t u i * t ~ c d  o u t  to  b e  a  v e r y  
i m p o r t a n t  f e a t u r e  of t h e  w h o l e  elcc t r o l y t e  nlanagemcnt a s p e c t  
You have t h e  hydrogen g a s  is e v o l v i n g  on  t h e  p l a t i n u m  f a c e  
t o  t h e  e l e c t r o l y t e  s e p a r a t o r .  I f  you h a v e  a m a t e r i a l  l i k e  
n y l o n ,  which  h a s  a r a t h e r  open  pore s t r u c t u r e ,  a c t u a l l y  the 
gas w i l l  b u b b l e  t h r o u g h  a l o n g  t h e  front f a c e  o f  t h e  hydrogen  
e l c c t r o d e  between t h e  n i c k e l  e l e c t r o d e  and t h e  hydrogen 
elect r o d e .  





I f  you u s e  a s e p a r a t o r  m a t e r i a l  l i k e  KT, which h a s  
n n~uch P : i t ~ c r  pore s t r u c t u r e  and c ! s s c n t i a l t y  P h i g h  1~ubbXc 
p r e s s u r e ,  t h e  g n s  nc tun1 l y  f i n d s  i t s  pn t l r  of l c n s t  i'csi stance 
by b u b b l i n g  out the bnck s i d e  of the hydrogen e l e c t r o d e ,  
which  is what w e  p r e f e r .  

And t h e n  we p u t  t h i s  p o r o u s  l a y e r  o f  T e f l o n  o n  t h e  
back,  tvhich a c t s  a s  a  f u r t h e r  f i l t e r  t o  s t o p  the e n t i a i n m e n t  
o f  any c l e c t r o l y t e .  And w e  h a v e  shown t h a t  i f  you remove t h e  
T e f l o n  backing you c a n  show t h a t  you w i l l  h a v e  e l e c t r o l y t e  
loss and ce l l s  w i l l  d e t e r i o r a t e .  

Wi th  t h i s  w e  have n e v e r  g o t t e n  e l e c t r o l y t e .  S o  i t  
is a  c o m b i n a t i o n  of t h e  h y d r o g e n - e l e c t r o d e  s t r u c t u r e  and t h e  
s e p a r a t o r  m a t e r i a l  t h a t  we t h i n k  is very i m p o r t a n t  for t h e  
e l e c t r o l y t e  mailagement . And t h e  w h o l e  t h i n g  h a s  t o  work 
t o g e t h e r  r e a l l y .  

Can I h a v e  t h e  n e x t  s l i d e ?  

( S l i d e  200. )  

T h i s  is j u s t  a  g a s  d i f f u s i o n  s c r e e n  t h a t  we p l a c e  
o n  t h e  bnck s i d e  of t h e  g a s  e l e c t r o d e  to a l l o w  gas i r t  and  
o u t  o f  t h i s  b a c k  r e a d i l y .  

Next s l i d e .  

( S l i d e  201.) 
4 

And t h i s  j u s t  shows t h e  s e q u e n c e  of t h e  t h r e e  com- 
p o n e n t s  a s  w e  s t a c k e d  them u p .  

Next s l i d e .  

( S l i d e  202 .) 

T h i s  shows e a r l i e r  what  I d e s c r i b e d  t h e  a n c h o r i n g  
of  t h e  s t a c k  o n  t h e  b o t t o m  dome. 

Next s l i d e .  

( S l i d e  203.) 

T h i s  is  a c t u a l l y  t h e  50 ampere  h o u r  stack, and we 
a r e  using p l a s t i c  c o m p r e s s i o n  s e a l s  of t h e  Ziegler t y p e  as 
shown h e r e .  What we do is w e  make a  c o n n e c t i o n  between t h e  
r o d s  and t h e  wires. 

Can  I h a v e  t h e  n e x t  s l i d e ?  

( S l i d e  -204.) 

T h i s  is t h o  p l a s t i c  c o m p r e s s i o n  s e a l ,  







Next s l i d e ,  

And t h i s  shows j u s t  t h e  f i n i s h e d  50 nmperc h o u r  ce l l  
w i t h  i n  t h i s  c a s e  a  p r e s s u r e  t r a n s d u c e r  o n  t h e  t o p  f o r  monitor- 
i n g  p r e s s u r e ,  

Next s l i d e .  

( S l i d e  206. )  

T h i s ,  a s  Joe ment io l : ed ,  a c t u a l l y  i n  o u r  s e c o n d  
program we h a v e  w i t h  them we a r e  s t a r t i n g  Lo l o o k  a t  t h e  
c n v i r o n m e l i t n l  c a p a b i l i t i e s  of t h e  c c l l  and t h e  s t r u c t u r e ,  
and we a r e  j u s t  a c t u a l l y  s t a r t i n g  t h i s  work now, T h i s  j u s t  
s l i ~ w s  a  ce l l  mounted o n  n v i b r a t i o n  f i ? . r c i r e .  

Next  s l i d e .  

( S l i d e  207 .) 

T h i s  is o u r ,  I g u e s s ,  i t ' s  o u r  Z ~ Y O  G v i b r a t i o n  
t e s t ,  r i g h t ?  BIinus o n e  G .  You haveli ' t g o t  i t  y e t .  Okay 

Can I h a v e  t h e  n e x t  s l i d e ?  

T h i s  shows some of t h e  d a t a  t h a t  w e  h a v e .  We h a v e  
a v a r i e t y  of d i f f e r e n t  d a t a .  A c t u a l l y ,  t h i s  p r o b a b l y  repre- 
s e n t s  t h e  l o n g e s t  l i f e .  T h i s  is a s i n g l e  c l z ~ c r o d e  test 
similar t o  t h e  test cel ls  t h a t  Joe slwtked, except i t ' s  of 
t h e  same d i a m e t e r  t h a t ' s  u s e d  i n  t h e  50 ampere  h o u r  tes t  c c l l .  
What we were d o i n g  h e r e  is r u n n i n g  a six h o u r  c y c l e ,  k 1.2 
h o u r  d i s c h a r g e ,  4 .8  h o u r s  of c h a r g e ,  so t h a t ' u  f o u r  c y c l e s  a 
d a y .  

We a r e  o u t  I g u e s s  1300 c y c l e s  or so,  a l i t t i e  s h o r t  
o f  a y e a r  coni;r~xlo~:s c y c l i n g ,  And t h e r e  is some f a l l  off i n  
t h e  end  o f  d i s c h a r g e  v o l t a g e ,  wha t  is shown h e m ,  b u t  i t  still  
r u n s  pretty well. T h e  o p e r a d i n g  v o l t a g e  l e v e l  h e r e  is some- 
what  low, b u t  t h i s  is r e a l l y  c n u s c d  b y  t h e  way t h e  t e r m i n a l s  
a r e  p u t  i n  t h i s  s i n g l e  c c l l ,  and t h e r e  i s  a h i g h  IR d r o p  j u s t  
i u  t h o  termincl so  i t ' s  r e a l l y  n o t  r c p r e s e n t a * i v e .  I t  s h o u l d  
b e  u p  bere w i t h o u t  t h r t  I R  i n  the t e r m i n a l s .  

Can I h a v e  t h e  n e x t  s l i d e ?  

( S l i d e  209.) 

T h i s  shows s i m i l a r  d a t a  f o r  a  50 nmperc hour ce l l  
t h a t  we had on test, a l s o  on t h e  same t e s t . c o n d i t i o n s  ou* 
paat 600 c y c l e s  . 

Can I have t h e  next s l i d e ?  





I I 

( S l i d e  21 0. ) 

\Ye no\\, i n  conccptu: t l  ly t h e  s a w  n p p i m o ~ c 8 h ,  wc ni'c 
noiv b u i l d l i l g  sso~iii.  2d tlntperc h o u r  s i x c  culls w l ~ i c l i  will be 
b a s e d  o n  a  two and a h a l f  i n c h  o u t s i d e  d i a m e t e r ,  and t h i s  
shows tllc p r o t o t y p e  s t a c k  o f  t h a t  v e r s i o n .  C o l l c e p t u n l l y  t h e  
same m a t e r i a l s ,  t h e  same d e s i g n .  

Can I h a v e  t h e  n e x t  s l i d e ?  

( S l i d e  211 . )  

T h a t ' s  j u s t  t h e  ce l l  w i t h  t h e  c a n .  . I  t h i n k  t h a t  is 
t h e  l a s t  s l i d e .  

STEINHAUER: S t e i n h a u e r ,  Hughes.  You a v o i d e d  t h e  
a e  i.oci. Is t h e r e  a  r e a s o n  f o r  t h a t ?  S e c o n d l y ,  I d o n ' t  

see t h e  s e c o n d  p l a t e a u ,  What happened t o  t h a t ?  

KLEIN: What I showed i-; d a t a  h e r e  vras e n d  p o i n t  
v o l t a g e s  a t  t h e  e n d  of my 60 p e r c e n t  d e p t h  c y c l e ,  so t h a t ' s  
why i t  is n o t  t h e r e .  Maybe I went  t o o  f a s t .  I was t r y i n g  
t o  g e t  o u t  o f  ' h e r e  t o n i g h t .  I am s o r r y .  Now wha t  d i d  I 
avo id?  You l o s t  m e .  

STEIMIAUER: The center t i e  rod. 

KLEIN: Oh, t h e  c e n t e r  t i e  r o d .  I h a v e  a t e n d e n c y  
t o  feel t h a t  you have  a s t r u c t u r a l l y  more s t a b l e  a r r a n g e m e n t  i 

S 

by p u t t i n g  a  r i n g  of  t i e  r o d s  a round  t h e  o u t s i d e .  And w e  t 
1 

w i l l  b e  l o o k i n g  a t  b o t h  o f  t h e s e  t h i n g s .  lfe h a v e  t h e s e  ce l ls  f 

of t h e  two t y p e s ,  and w e  w i l l  d e c i d e ,  I g u e s s  i n  t h e  n e x t  ! 
g e n e r a t i o n ,  m e c h a n i c a l l y  which  way x e  p r e f e r .  

2 ? 

ST'EIMIAUER: Is t h e r e  a w e i g h t  d i s a d v a n t a g e  t o  
d o i n g  what  you d i d ?  

KLEIN: I d o n ' t  know. I d o n ' t  t h i n k  t h e r e  is much 
d i f f e r e n c e  o n e  way o r  t h e  o t h e r  on a  w e i g h t  b a s i s .  

FORD: Have you measured t h e  e x p a n s i o n  o f  t h e  p o s i -  
t i v e  p l a t e s  -- is t h a t  t h e  message? 

KLEIN: Yes,  we h a v e  done  some o f  i t ,  n o t  a l o t ,  
and i t  v a r i e s .  We a r e  w o r k i n g  w i t h  a  v a r i e t y  o f  d i f f e r e n t  
n i c k e l  e l e c t r o d e s  i n  t e s t i n g  them,  and you c a n  see 20 p e r c e n t  
volume e x p a n s i o n ,  t h i c k n e s s  e x p a n s i o n ,  o n  some n i c k e l  elec- 
t r o d e s ,  And t h e  way it works o u t ,  w e  a r e  n o t  u s i n g  any s p r i n g s  
o n  t h e  s t a c k  i n  t h e  t h i n g s  w e  a r e  nov d o i n g .  

What we o b s e r v e  is  t h a t  w e  have  t h i s  g a s  d i f f u s i o n  
s c r e e n  b e h i n d  t l l e  hydrogen e l e c t r o d e ,  which  is a b o u t  18 m i l s  
t h i c k ,  and t h e  p o s i t i v e  e l e c t r o d e  e x p a n s i o n  a c t u a l l y  w i t h  m, 
which  is s o r t  of  s o f t  m a t e r i a l ,  a c t u a l l y  p u s h e s  t h e  e n t i r e  
KT and t h e  hydroget1 e l e c t r o d e  i n t o  t h e  c o n v o l u t i o n s  o f  t h e  I 





Vexirw gns d i f f u s i o n  s c r e e n  which  we a c t u a l l y  t h i n k  is a good 
t h i n g  b e c a u s e  t h a t  a l l o w s  f o r  t h e  s p o n g i n e s s  and f o r  t h i s  
n j  c k c l  c l cc tl'odc c s p ; ~ n s i o n .  

Bu t  I t h i . i k  t h a t  is g o i n g  t o  be t h e  n e x t  real ques- 
t i o n .  I t h i n k  we r e a l l y  have  n s t a b l e  hydrogen  e l e c t i 8 0 d e ,  
and we h a v e  r u n  i t  f o r  a  l o n g ,  l o n g  time a n d ' s e e  no p r o b l e m  
I t h i n k  KT, wha t  we a r e  d o i n g  now, you know, I h a v e  t remeu-  
d o u s  c o n f i d e n c e  t h a t  t h a t ' s  s t a b l e .  And r e a l l y  t h e  n e x t  
q u e s t i o n  t h a t  we a r e  work ing  o u r  way , toward,  c e r t a i n l y  a  
t h o u s a n d  c y c l e s  l o o k s  p r e t t y  good b u t  u n d e r  t h e s e  test c o n d i -  
t i o n s .  If  we s t a r t  g o i n g  o u t ,  I t h i n k  w e  would  h a v e  t o  go 
b a c k  and l o o k  a t  t h e  n i c k e l  e l e c t r o d e ,  t h e  w h o l e  q u e s t i o n  of 
how t h i c k  i t  r h o u l d  b e ,  wha t  t h e  r e l n - t i v e  l o a d i n g  i n  the poroa 
r e l a t i v e  t o  t h e  plaque, and some o f  t h e s e  other q u e s t i o n s .  

And we r e a l l y  h a v e n ' t  done enough y e t .  

WARNOCK: Warnock, A i r  F o r c e .  Can you comment o n  
~.011S wha t  c o n s i d e r a t i o n  you h a v e  g i v e n  t o  b a t t e r y  c o n f i g u r a t . '  

and c o n c e p t s  f o r  l a r g e  items? 

KLEIN: I h a v e  done v e r y  l i t t l e  fn t h a t  a r e a  m y s e l f .  
T h e r e  a r e  some a e r o s p a c e  b a t t e r y  s y s t e m  p e o p l e  t h a t  a r e  look-  
i n g  a:, t h i s  a t  t h i s  p o i n t .  I am n o t  a b l e  t o  comment on t h a t .  
j u s t  y e t ,  

HAAS: I was  going t o  a s k  a s i m i l a r  q u e s t i o n .  You 
a r e  c u r r e n t l y  m e a s u r i n g  e n e r g y  i n  t h e  o r d e r  o f  25 w a t t  h o u r s ,  
p e r h a p s  a  l i t t l e  bet ter  o r  worse. What d e c r e a s e  i n  t h e  e n e r g y ,  
d e n s i t y  migh t  you expect f rom p a c k a g i n g  i n  a n  assembly  f o r  
some a p p l i c a t i o n s ?  

T h e  s e c o n d  q u e s t i o n :  You i n d i c a t e d  a  t e m p e r a t u r e  
g r a d i e n t  be tween y o u r  c e l l  s t a c k  which  j.s a p p a r e n t l y  -- I a n  
n o t  s u r e  i f  you measured i t  -- a t  t h e  c e n t e r  o f  t h e  p l a t e .  
Did you a l s o  ineasure  t h e  t e m p e r a t u r e  a t  t h e  t o p  of t h e  c a n  
where  you a r e  n o t  r e a l l y  d i s s i p a t i n g  h e a t  t h r o u g h  d i r e c t l y ?  

KLEIN: Yes. The t o p  o f  t h e  c a n ,  w e l l ,  I d o n ' t  
remember. The t o p  o f  t h e  Carl is i n  be tween .  If  you a r e  
t a k i n g  t h e  h e a t  o u t ,  i t  depends  on what  you e r e  u s i n g  a s  a 
h e a t  s i n k .  

HAAS: R a d i a t i n g ,  I would assume? 

KLEIN: I f  you a r e  r a d i a t i n g ,  l e t ' s  s a y ,  i n  a b l o w i n g  
e n v i r o n m e n t .  S e e ,  you a r e  t a k i n g  t h e  h e a t  o u t .  T h e  t o p  of t h e  
c a n  p r o b a b l y  r u n s  a b o u t  3 d e g r e e s  c o o l e r  t h a n ,  you know, 
o p p o s i t e  t h e  s t a c k .  

HAAS: Are t h e  d e g r e e s  up? 

hLEIN: Yes, s u b s t a n t i a l l y ,  a s  long as you are 
t a k i n g  it o u t .  



HAAS: T h e r e  was a q u e s t i o n  on  t h e  packaging.  

KUIS:  Yes, on tlic packag ing .  T h e s e  cells will 
be  runn ing  i n  t h e  25 wat t  h o u r s  per pound.  1 t h i n k  t h a t ' s  
n o t  t h e  l a s t  word,  you know, and we would e x p e c t  t o  go  un 
30,  35, I f  you t a k e  25, I d o n ' t  know what t h e  p e n a l t y  i t i  
go ing  t o  be i n  packaging .  I t h i n k  i t  h a s  n l o t  t o  do w i t h  
how you pu t  it i n .  

Each cel l  p n y s i c a l l y  is s t r u c t u r a l l y ,  you know, 
s e l f  s u p p o r t i n g .  I t  is a q u e s t i o n  of  how you egg crate  i t .  
Tha t  is r e d l y  a l i t t l e  o u t  o f  our lead. 

HAAS: Is i t  a v a l u e  of about 10 p e r c e n t  of t h e  
proposa l?  

KLEIN: Yes, I t h i n k  t h a t ' s  r e a s o n a b l e .  I ' l l  t a k e  
i t .  

GASTON: Gaston ,  Grumman. What is the o v e r a l l  
volume of t h e  50 amp hour ce l l  and w h a t ' s  the weight?  

KLEIN: The o v e r a l l  volume is a tough  one 

GASTON: Give  m e  d i ame te r .  

KLEIN: Three  and a h a l f  i n c h e s  i n  d i ame te r  and t o  
t h e  t o p  of  t h e '  dome seven  and one  and three q u a r t e r s .  1.1; is 
e i g h t  and t h r e e  q u a r t e r s  t o  t h e  t o p  of t h e  dome, and t h r e e  
and a h a l f  i n c h e s  i n  d i ame te r .  Is t h a t  r i g h t ?  

DUNLOP: Something l i k e  t h a t .  T h a t ' s  p r e t t y  close. 

KLEIN: And t h e  weight  -- J o e  h a s  a b e t t e r  number 
t h a n  I have .  

STOEKEL: The volume is abou t  1100 cubic c e n t i m e t e r s  
The s t a c k  t a k e s  about  h a l f  of  t h a t ,  

DUNIIOP: I t h i n k  w e  a r e  g o i n g  t o  move a long  t h e n .  

KLEIN: I would l i k e  t o  acknowledge t h e  s u p p o r t  of 
Comsat fo r  a major  p o r t i o n  o f  t h e  work p r e s e n t e d .  

DUNLOP: Our nex t  s p e a k e r  t o d a y  is go ing  t o  be 
E a r l  C a r r  from E a g l e  P i c h e r ,  t h e  same s u b j e c t .  

CARR: The purpose  of  my t a l k  is t o  b r i e f l y  p r e s e n t  
Eag le  P i c h e r v s  m e t a l  o x i d e  hydrogen b a t t e r y  program. we 1 
i n i t i a t e d  our hydrogen b a t t e r y  program. a s  is p r e t t y  obv ious ,  I 
because  of t h e  s t r o n g  promise of  t h i s  h igh  ene rgy  density, 
l o n g  l i f e ,  r e c h a r g e a b l e  sys t em.  We a r e  d i r e c t i n g  o u r  ime- ! 
d i a t o  of f o r t s  toward a t t a i n i n g  n icke l -hydrogen  cells w i t h  an 
energy  d e n s i t y  of 31 V-hrs p e r  pound, and a l i f e  expectancy 



of  g r e a t e r  t h a n  tea years ;  and o u r  s i l v e r - h y d r o g e n  ce l ls  
of  50 w a t t  h o u r s  per pound w i t h  two t o  three y e a r s '  life, 

Om* work h a s  been conducted  tor tho l a s t  ycnr ,  
and i t  is based  on o u r  e x i s t i n g  t echno logy  i n  m e t a l - a i r ,  
nickel-cadmium and s i l v e r - z i n c  b a t t e r i e s ,  The f i r s t  t h i n g  
on o u r  i n i t i a l  work %as company f uilded and was d i r e c t e d  
toward s i l ve r -hydrogen  . But t h e  major  emphasis  of o u r  i n t e r n a l  
program and o u r  funded e f f o r t  h a s  been i n  n icke l -hydrogen .  

The f i r s t  program r e s u l t e d  i n  t h e  development of 
a 20 ampere hour n i c k e l  hydi80gen cel 1, w i t h  an energy  d e n s i t y  
o f  26 t o  2 8  and a  h a l f  watt h o u r s  per pound. T h i s  is shown 
i n  t h e  first viewgraph.  

( S l i d e  212.) 

Our program invo lved  d e t e r m i n i n g  performance cha rac -  
teristics and c y c l e  t c s t i n g  of  t h i s  ce l l .  I d o n ' t  have sl ides 
on cha rge -d i scha rge  d a t a ,  b u t  i t  is v e r y  s imi lar  t o  t h a t  
which you have s e e n .  The one  t h i n g  t h a t  we n o t i c e d  is t h a t  
t y p i c a l l y  t h e  v o l t a g e  l e v e l s  a r e  app rox ima te ly  50 m i l l i v o l t s  
better t h a n  nickel-caa~:lium unde r  t h e  same c o n d i t i o n s .  T h i s  
is r e a l l y  q u i t e  a n i c e  p o i n t .  

Our  c y c l e  t e s t  program on this cel l .  or  on  a s i m i l a r  
p r o t o t y p e  c e l l ,  has accumulated more t h a n  2,000 c y c l e s  with- 
o u t  any n o t i c e a b l e  problems. Our first c o n t r a c t o r  funded 
program was i n i t i a t e d  i n  J u n e  or s l i g h t l y  l a t e r  of t h i s  y e a r ,  
and i t  is f o r  t h e  development,  a s  J o e  S t o c k o l  p r e s e n t e d ,  
of 50 ampere hour IhGGSAT r e l a t e d  nickel-hydrogen cel ls ,  

T h i s  program w i l l  be for  t h e  dovelopment of b o t h  
p r i s m a t i c  and c y l i n d r i c a l  50 ampere ce l ls  of  a f l i g h t  con- 
f i g u r a t i o n ,  or  l e t ' s  say a f l i g h t  type c o n f i g u r a t i o n .  The 
cel ls  d u r i n g  t h e i r  development w i l l  be t e s t e d  dynamica l ly  
a s  q u a l i f i c a t i o n  l e v e l  t e s t i n g .  

The program c o n s i s t s  of computer  op t imized  geometry,  
p a r a m e t r i c  cel l  d e s i g n ,  and dynamic t e s t i n g ,  as 1 mentioned. .  
Okay, For  t h e  computer program we made c e r t a i n  assumpt ions .  
The computer program was set u p  based on assuming a11 o p e r a t i n g  
p r e w u r e  based  on prev ious  Comsat work t h a t  w i l l  be i n  t h e  
o r d e r  of 500 p s i g  a s  t h e  peak o p e r a t i n g  p r e s s u r e .  

Based on t h a t  p r e s s u r e  t h e n ,  a  v e r y  s t r a i g h t f o r w a r d  
program was set u p  t o  de t e rmine  t h e  end r e s u l t  b e i n g  one hour  
p e r  pound. So what we e v a l u a t e d  t h e n ,  w e  s t a r t e d  i n  w i t h  a 
series of geomet r i e s  which  a l l  had t h e  same t o t a l  volume. 
But t h i s  evo lved  t o  be t h e  program, the computer  program, 
w i t h  t h e  l e n g t h ,  w i d t h  and t h i c k n e s s  o f  t h e  c e l l  b e i n g  v a r i e d  
w i t h i n  c e r t a i n  l i m i t s .  

( S l i d e  '223.J 





lh92 T h i s  s l i d e  t h a t ' s  be ing  shown, o r  the drawing t h a t ' s  
be ing  shown. sl\ows the pr ismat ic  design cvolvcd  bnscd On that  
wol-k . I don  ' t Iiilo:v i i' the d i ; : i t t l ~ s i  ens -- i 8 n n  ' t wnkc t hclti out 
v e r y  c l e a r l y ,  but  i t ' s  a 10 i n c h h i ~ i l  c e l l ,  i t ' s  5.8 i n c h e s  
wide  and 1 .2  i n c h e s  t h i c k .  

There a r e  c e r t a i n  manufac tu r ing  d i f  f  icu? t i es  t h a t  w e  
would have w i t h  t h i s  c e l l ,  and a l s o  there 's  o t h e r  p r o d u c a b i l i  t y  
f a c t o r s  i n v o l v e d .  The work h a s  c o n t i n u e d .  

( S l i d e  214 ..) 

What t h i s  r e p r e s e n t s  is a c y l i n d r i c a l  h a l f  ce l l  
d e s i g n  And a c t u a l l y  i t  is a l i m i t  c o n d i t i o n  o f  t h e  p r e v i o u s  
ce l l .  What w e  have a re  t w o  h a l f  c e l l s  which form t h e  c e l l  
c a s e ,  which c a n  be e a s i l y  formed. We u s e  a  c o n v e n t i o n a l  c e l l  
s t a c k  w i t h  an i n t e r n a l  c e l l c a s e  r e t a i n e r  a r rangement .  

The advan tages  of  t h i s  d e s i g n  l i e  main ly  i n  t h e  
c a p a b i l i t y  t o  manufac ture  something t h a t  is  based on e x i s t i n g  
t echno logy .  The s e a l s  a r e  shown, t h e  i n s u l a t o r s  a r e  shown i n  
t h i s  view as be ing  on t h e  f l a t  s i d e ,  which would be a  v e r y  
low p r o f i l e  s e a l  and would mate u p  w i t h  p r o p e r  i n s u l a t o r s  f rom 
cel l  t o  ce l l .  But s i n c e  t h i s  drawing was made, i t 's  been 
determined to  move t h e  seals t o  t h e  r a d i u s ,  t o  t h e  o u t e r  
r a d i u s  of t h e  ce l l .  

? We w i l l  come back t o  t h a t ,  because  w e  show a b a t t e r y  
d e s i g n  l a t e r  on i n  t h e  p r e s e n t a t i o n ,  u t i l i z i n g  t h i s  c o n c e p t .  ; 

I n  a d d i t i o n  t o  t h e  Comsat program which ,  as I s a i d ,  w i l l  r e s u l t  
k n  bo th  c y l i n d r i c a l  ce l l s  and ce l l s  w i t h  p r i s m a t i c  cro., " s  sec- s 

t i o n s ,  w e  have t h r e e  o t h e r  programs w i t h  prime c o n t r a c t o r s  and . 
w e  are n e g o t i a t i n g  a f o u r t h .  

I would l i k e  t o  p r e s e n t  t h e  h i g h l i g h t s  o f  one  o f  
t h e  programs, which is w i t h  blarty Gandel and Lockheed b l i s s i l e s  
and Space Company. T h i s  program is a development program 
r e l a t i n g  t o  20 ampere hour  n icke l -hydrogen  cel ls .  I t  is d i r -  
e c t e d  f o r  f l i g h t  q u a l i f i c a t i o n  of  nickel-hydrogen hardware.  

The program u t i l i z e s  e x i s t i n g  t echno logy  as its 
f o u n d a t i o n ,  and a l l  components t h a t  a r e  b e i n g  used  i n  t h e  
program a r e  proven by v i r t u e  of  o t h e r  m a n u f a c t u r e r ' s  b a t t e r i e s  
or o t h e r  f l i g h t  t y p e  hardware.  

The p a r a m e t r i c  ce l l  test  program is b e i n g  performed 
a s  well a s  a  series of  dynamic tests. The n e x t  s l i d e  w i l l  
show a photograph o f  t h e  ce l l .  

( S l i d e  215.) 

N o w ,  t h i s  ce l l  d i f f e r s  from t h e  p r e v i o u s  ce l l  t h a t  
was shown, or t h e  f i r s t  s l i d e  t h a t  was shown, p r i m a r i l y  i n  1 
the a r e a  of  t h e  c o v e r  d e s i g n .  j 
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lh93 The next s l i d e  w i l l  show a view of  n drawing of 
what t h e  c o l l  is supposed t o  look  l i k e  i n s i d e ,  

As you c a n  see, it u s e s  c o n v e n t i o n a l  cel l  s t a c k  
a r rangement .  T h i s  d e s i g n  u s e s  z i r con ium,  n i c k e l  g o l d ,  ceramic-  
me ta l  seals.  I t  h a s  p r o v i s i o n  f o r  h o l d i n g  the p l a t e  s t a c k  
i n  p l a c e  as w e l l  aw p y o v i s i o ~ r s  for  -- w e ' l l  s a y  t h e  g e n e r a l  
term -- of e l e c t r o l y t e  management . 

The next  s l i d e  shows what the c e l l  a c t u a l l y  l o o k s  
l i k e .  i 

T h i s  is an X-ray of one o f  o u r  u n i t s .  I t  shows 
a l s o  t h e  ceramic  s e a l  t o  some d e g r e e .  

The nex t  s l i d e  is a drawing of  t h e  ceramic-meta l  
s e a l .  

T h i s  s e a l  is manufactured by ILC Technology and is 
v e r y  s i m i l a r  t o  t h e  s e a l  d e s i g n  t h a t  was p r e s e n t e d  y e s t e r d a y  
by B i l l  Htlrsch I t  employs n i n e t y - n i n e  f i v e  a lumina ,  h a s  
z i r con ium b a s e  b r a z e  w i t h  n i c k e l  go ld  b r a z i n g  of t h e  me ta l  
meinbers t o  t h e  c o v e r .  

The nex t  s l i d e  shows t h e  test se t -up .  

i 

I t  shows a c o u p l e  of t h e  cel ls  o v e r  on t h e  r i g h t -  $ 

hand s i d e .  A t  t h e  t imo of photograph t h e  ce l ls  a r e  a t  abou t ,  ! 
something less t h a n  500 p s i .  

f 
May I have t h e  nex t  s l i d e ?  3 

( S l i d e  220.) 

T h i s  nex t  s l i d e  is a photograph o f  a p r e s s u r e  c y c l e  i 

tester. l fha t  w e  have set u p  is an  a c c e l e r a t e d  test for 
e v a l u a t i n g  t h e  c a p a b i l i t y  of  t h e  p r e s s u r e  v e s s e l s .  T h i s  gad- 
g e t  is actucltod by p r e s s u r e .  \Ye call set the l i m i t s  of t h e  
equipment t o  cycle between any two p o i n t s ,  and we c a n  r a p i d l y  
put  p r e s s u r e  c y c l e s  on t h e  nickel-hydrogen cel l  c o n t a i n e r ,  

I t  a l s o  h a s  a timer o v e r r i d e ;  i n  c a s e  t h e  t h i n g  vae 
t o  deve lop  a l e a k  o v e r n i g h t  it would automatically sequence. 

The nex t  p i e c e  o f  test equipment shows, l o o k s  like 
an e l e c t r o p r o p ,  bu t  it is a s p i n  tester and i t  r e l a t e s  to 8 
q u e s t i o n  t h a t  was asked  earlier r e g a r d i n g  a s p i n n i n g  env i ron -  
ment. 



( S l i d e  221.) 

The requircmcnt we ltnvc is t o  spin t h c  c e l l  a t  92 
rpm f o r  100 !lours c i u r i q ;  ti i ~ i  c 11 i i tnc L hi. cc I 1 is b e i n g  d i  u- 
c h a r g e d ,  T h i s  test was completed y e s t e r d a y  and w i t h  r e a l l y  
q u i t e  g r a t i f y i n g  r e s u l t s .  This i n  a way r e l a t e s  t o  electo- 
l y t e  management. I t  does  n o t ,  o f  c o u r s e ,  r e l a t e  t o  t h e  
t o t a l  problem o r  t h e  t o t a l  a rea  of e l e c t r o l y t e  management. 

B u t  i t  v e r i f i e s  t h a t  t h i s  d e s i g n  w i l l  m a i n t a i n  t h e  
e l e c t r o l y t e  t h a t  i t  r e q u i r e s  f o r  t h e  d u ,   tio on o f  the s p i n  
test .  T h i s  p a r t i c u l a r  c e l l .  one was a dummy, and t h e  o t h e r  
ce l l  was t h e  a c t i v e  c e l l .  The i n i t i a l  c a p a c i t y  was between 
19 and 20 ampere h o u r s ,  

Dur ing  t h e  s p i n  test f o r  100 h o u r s  t h e  ce l l  was 
be ing  d i scha rged  a t  100 mi l l i amps  th rough  t h e  s l i p  r i n g s  
t h a t  a r e  shown i n  t h e  s l i d e ,  A f t e r  100 h o u r s  of s p i n ,  t h e  
d i s c h a r g e  was completed a t  C.12 r a t e .  The r e s u l t i n g  c a p a c i t y  
was g r e a t e r  t h a n  16 ampere h o u r s .  Okay. 

Inc luded  i n  o u r  work h a s  been a  number o f  a r e a s  
of  what we c o n s i d e r  advanced d e s i g n  c o n c e p t s  f o r  met81 o x i d e  
hydrogen b a t t e r i e s  . 

I would l i k e  t h e  l a n t e r n  s l i d e  next. 

I n  o u r  me ta l  a i r  work we des igned  a b a t t e r y  and 
b u i l t  a  b a t t e r y .  T h i s  s l i d e  shows t h e  i n s i d e  view o f  i t ,  
T h i s  is a  z i n c  a i r  pr imary b a t t e r y  which e f f e c t s  a common 
man i fo ld .  

The next  s l i d e  s!lows t h e  a c t u a l  b a t t e r y  t h a t  was 
c o n s t r u c t e d  so  t h a t  t h e  b a t t e r y  d e s i g n  is c y l i n d r i c a l .  

T h i s  l e n d s  i t s e l f  v e r y  well t o  hydrogen b a t t e r y  
t echno logy  o r  hydrogen b a t t e r y  a p p l i c a t i o n .  

T h i s  .:a a n o t h e r  concep t  o f  t h e  common gas r e s e r v o i r  
s imp ly  be ing  a  series of  ce l l s  which a r e  c o n t a i n e d  w i t h i n  a 
p r e s s u r e  v e s s e l .  

( S l i d e  224.)  

Them a r e  some p r e c i s e  advan tages  i n  t h i s  k i n d  of 
packaging.  F i r s t  of  a l l ,  w e  f e e l  t h a t  t h e  w a t t  h o u r s  p e r  
pound w i l l  b e  i n c r e a s e d  s i g n i f i c a n t l y .  The b a t t e r i e s  s h o u l d  
be less expens ive ,  because  i t  won ' t  be n e c e s s a r y  to  have 
each  ce l l  i n  an i n d i v i d u a l  p r e s s u r e  v e s s e l .  I n  f a c t ,  s t a n d a r d ,  
o r d i n a r y ,  every-day r e c t a n g u l a r  cel ls  c o u l d  be packaged i n s i d e  
the volune. 





l h 9 5  And t h e  volume, t h e  o n l y  r e s t r a i u t  there is what 
pressure do you w a n t  t o  o p o r n t c .  O11e rcnl n i c e  t h i n g   bout 
t i l l s  is 1:hc.w not l ld  bc n o  nc1:nt i vc v n r i  a t .  1 cms i 11 cnpnci  l y 
from ce l l  t o  ce l l ,  a s  a l l  ce l l s  would r u n  o u t  of  hydrogen 
gas a t  t h e  same time. 

L e t ' s  put  u p  a s l i d e .  

( S l i d e  225.) 

T h i s  is a  schematic which is s i m i l a r  to  some o f  
t h e  s l i d e s  t h a t  you hnve s e e n  e a r l i e r .  I t ' s  a  s l i d e  o f  a 
c y l i n d r i c a l  shaped c e l l  w i t h  d i s k  shap?d p l a t e s ,  and t h i s  
t y p e  c o n f i g u r a t i o n  w i l l  be manufactured and dynamic t e s t e d  
f o r  Comsat as p a r t  of o u r  50 ampere hour  program. 

Okay, t r y  a n o t h e r  one .  

T h i s  is a n o t h e r  concep t  f o r  a c y l i n d r i c a l  ce l l ,  
and i t  is v e r y  a p p l i c a b l e  t o  s m a l l  ce l l s ,  bu t  i t  would b e  
a l s o  a p p l i c a b l e  t o  l a r g e  ce l l s .  T h e  e x a c t  l i m i t a t i o n  would 
probably  be  how l a r g e  c a n  w e  make o u r  electrode . i f  w e  a r e  
going t o  s p i r a l  wind t h e  ce l l  f o r  a  c y l i n d r i c a l  ce l l  -- or 
s p i r a l  wind t h e  p l a t e  f o r  a  c y l i n d r i c a l  ce l l .  

Okay. 

( S l i d e  227.) 

T h i s  is a  schemat ic  of a  15 ampere hour  ce l l  which 
is v e r y  s i m i l a r  t o  t h e  one  t h a t  we t a l k e d  about  e a r l i e r  
I t h i n k  t h e  nbxt  shows a b a t t e r y  d e s i g n  u t i l i z i n g  t h i s  c o n c e p t .  

T h i s  shows a r a c k  o f  cells o f  t h i s  p a r t i c u l a r  geoa- 
@ t r y  w i t h  r e s t r a i n i n g  p l a t e s  and showing some t y p e  o f  therma.'! 
f i n  arrangement f o r  moving h e a t  or d i s s i p a t i n g  h e a t  t o  a  
t he rma l  c o n t r o l  s u r f  a c e ,  

Okay, n e x t .  

T h i s  is t h e  l a r g e r  50 ampere hour  p r i s m a t i c  d e s i g n  
a s  o p t i m i z e d .  May I have t h e  book back? I ' l l  g i v e  some 
w e i g h t s ,  The book t h a t ' s  i n  t h e  p r o t e c t o r  o v e r  t h e r e  T h i s  
cel l  we igh t  is p r e d i c t e d  a t  2.57' pounds, which would g i v e  u s  
27.2 w a t t  hour s  p e r  pound. 

Can 1 have t h e  h a l f  ahs l l ?  









T h i s  is t h e  b a t t e r y  d e s i g n  for t h e  h a l f  s h e l l  
d e s i g n  50 ampere h o u r  b a t t e r y  RS was p r e s e n t e d  ea r l i e r .  
i n  tile di.sc\~ssiotl 01' the Col:lsnt pi'ut:r:t!!:. 111 t h i s  c o n f i g u -  
r a t i o n  e a c h  cel l  is mounted a d j a c e n t  t o  t h e  n e x t  and t h e n  
a r o u n d  e a c h  ce l l  a g a i n  is a  h e a t  d i s s i p a t i n g  f i n  which  a l s o  
a c t s  n s  a  s t r u c t u r a l  r e e n f o r c e m e n t  o f  t h e  c e l l ,  k e e p i n g  i n  
mind t h a t  e a c h  ce l l  w i l l  h a v e  a  p r e c h a r g e  o f  hydrogen  o n  i t  
when i t  is an i n d i v i d u a l  c e l l ,  s o  t h a t  t h e  f i n  or t h e  s t r u c -  . * 

t u r e  s u p p o r t  w i l l  be d e s i g n e d  t o  r e t a i n  t h a t  p a r t i c u l a r  
p r e s s u r e  o n  t h e  c e l l  and t h e n  a l s o  a s  a h e a t  d i s s i p a t o r  for 
. t h e  b a t t e r y .  

I t h i n k  t h a t ' s  i t .  Okay, a l l  r i g h t .  T h i s  is t h e  
ce l l  d e s i g n  a g a i n ,  f o r  t h a t  p a r t i c u l a r  b a t t e r y  d e s i g n .  I 

Thank you.  I am r e a d y  for  q u e s t i o n s ,  i f  a n y .  

HEhmEE: Hendee,  T e l e s a t  . How many G ' s  a r e  you 
r u n n i n g  o u t  o f  t h a t ?  

CARR: T h a t  c a l c u l a t e s  o u t  t o  be f i v e  t o  s i x  G ' s ,  ~, 

r i g h t ,  BIarty? : !  

HEh?)EE: Are you p l a n n i n g  t o  do  a n y t h i n g  u n d e r  a : F 

normal  c h a r g e  mach ine ,  you know, C d i s c h a r g e  r a t e s ,  c h a r g e -  % 4 

d i s c h a r g e  c y c l e s ?  = 

. - 
GAMDEL: I w i l l  answer  t h a t .  G a n d e l ,  Lockheed.  : 

We d i d n ' t  c r a n k  i n  a c h a r g e  r e q u i r e m e n t  b e c a u s e  t h e  a p p l i c a -  
t i o n  w e  a r e  t h i n k i n g  of would  be o n e  w h e r e  there would  j u s t  
be a  d i s c h a r g e  p e r i o d .  I t h i n k  i t  w i l l  be r e a l  i n t e r e s t i n g  
t o  t r y  a c h a r g e  o n  i t  and see -- t h e r e  was a  v a p o r  e n t r a i n m e n t  
q u e s t i o n  t h a t  somebody b r o u g h t  u p  t h a t  migh t  be s i g n i f i c a n t .  

HENDEE: T h a t  would  be i n t e r e s t i n g .  I would  l i k e  
t o  see some k i n d  o f  r e s u l t s  o n  i t .  

HAAS: You d i d n ' t  m e n t i o n  t h o  c o n f i g u r a t i o n  o f  y o u r  
n i c k e l  e l e c t r o d e  i n  some o f  y o u r  s l i d e s .  A r e  you e v a l u a t i n g  I , 

t ,. 

b a c k  t o  b a c k  n i c k e l  e l e c t r o d e s ?  Another  q u e s t i o n :  What 3 .  i 1 

e l e c t r o c h e m i c a l  e f f i c i e n c y  a r e  you o b t a i n i n g  w i t h  y o u r  n i c k e l  
e l e c t r o d e s ,  y o u r  n i c k e l - h y d r o g e n  ce l l s  a s  compared t o  n i c k e l -  1 % 

c admium? 

CARR: I n  answer  t o  t h e  f i r s t  q u e s t i o n  t h a t  you 1 .. 
I .  a s k e d ,  Ron, i n  b o t h  programs t h e  p a r a m e t r i c  tests  or para- i ; 

metric d e s i g n  s t u d i e s  b o t h  i n c l u d e  c o n f i g u r a t i o n s  o f  m a t c h i n g  ! -  I .  

p o s i t i v e  e l e c t r o d e s  t o  n e g a t i v e s .  And we r e f e r  t o  them q u i t e  i 
: < 

c a s u a l l y  a s  a "1 on 1" c o n f i g u r a t i o n  or  a "2 o n  1" or a 
"2 on 2."  And t h e s e  c o n f i g u r a t i o n s  a r e  b e i n g  e v a l u a t e d  i n  
b o t h  of t h e  p rograms  a  l i t t l e  d i f f e r e n t l y .  i 



I IAAS: The e f f i c i e n c y  o f  t h e  n i c k e l  e l e c t r o d e s  
f o r  n i c k e l - h y d r o g e n  a s  compared t o  n i c k e l - c a d ?  

CARR: We r e a l 1  y haven '  t seen any d i f  f e r e u c e .  
We a r e  l o o k i n g  a t  nn e f f i c i e n c y  o f  around 00 p e r c e n t ,  
knowing what  t h e  a c t u a l  p o s i t i v e  m a t e r i a l  is i n  t h e  ce l l .  

HAAS: T h a t  is f o r  y o u r  b a c k  t o  back  e l e c t r o d e s ?  

CARR: Yes. 

HOLLECK: H o l l e c k ,  Tyco.  The  p l a n n i n g  cel ls  are' 
n o t  i n c l u d e d  i n  t h e  w e i g h t s  you g a v e .  

CARR: T h e  w e i g h t s  1 g a v e  a r e  c e l l  w e i g h t s ,  and a s  
I s a i d ,  we a r e  kind of  l o o s e  h e r e .  I w i l l  g i v e  you some 
more .  On t h e  h a l f  s h e l l  d e s i g n ,  t h e  c e l l  w e i g h t  w i l l  b e  a  
t h o u s a n d  2nd 98 grams which  is 2 . 4 1  pounds  f o r  t h e  ce l l ,  
w h i c h  is 2 1  w a t t  hours  p e r  pound o n  t h e  c e l l .  

T h i s  is o n e  t h i n g ,  o f  c o u r s e .  you have  t o  c o n s i d e r  
i n  b a t t e r y  d e s i g n ,  w h e t h e r  you a r e  c o n s i d e r i n g  c y l i n d r i c a l  
cel ls  or  whe they  you c o n s i d e r  a  c e l l  -&j.th a p r i s m a t i c  cross 
s e c t i o n ,  is t h a t  you h a v e  t o  h o l d  them t o g e t h e r  some way.  

HOLLECK: I t h i n k  i t  is o n l y  i m p o r t a n t  i f  o n e  com- 
p a r e s  d i f f e r e n t  numbers which  h a v e  been  q u o t e d  Most o f  t h e  
c y l i n d r i c a l  ce l l s  do  n o t  r e q u i r e  t h a t  and d o  h a v e  lower o n e s .  

CARR: On t h e  o t h e r  hand ,  t h e y  do  r e q u i r e  some 
k i n d  o f  t h e r m a l  s i n k i n g  t o  a  h e a t  c o n t r o l l e d  s u r f a c e  w h i c h  
w i l l  r e q u i r e  some amount of  w e i g h t  which h a s n ' t  b e e n  d e t e r -  
mined y e t  -- 1 0  p e r c e n t .  

IIOLUCK: I would  l i k e  t o  make o n e  s h o r t  comment. 
I would s a y  i n  t h e  e l e c t r o l y t e  management t h e y  w i l l  p l a y  a  
b i g  r o l e .  One t h i n g  t h a t  h a s  t o  be c o n s i d e r e d  a l s o  i n  t h e  
e v a p o r a t i o n  mechanism is t h a t  i n  p r a c t i c e  you w i l l  n o t  h a v e  
a  c l e a n  c y l i n d e r  w a l l  e i t h e r  by e n t r a i n m e n t  o r  w h a t e v e r  { 

mechanism 

You s t i l l  h a v e  some l e a k a g e  i n  t h e  c o n t a i n e r ,  ' i  

T h e r e f o r e ,  t h e  D e l t a  P, t h e  p r e s s u r e  be tween  t h e  c e l l  s t a c k  
and  t h e  o u t s i d e ,  is no t  r e a l l y  a s  b i g  a s  it would  b e  If you I 

had a c l e a n  c y l i n d e r  w a l l .  

CARR: I g u e s s  I d o n ' t  u n d e r s t a n d  I u n d e r s t a n d  
y o u r  comment b u t  ' 1  d o n ' t  see how i t  r e l a t e s .  

HOLLECK: I t  h a s  b e e n  ment ioned  b e f o r e ,  t h c  q u e s t i o n  j 
of how much t e m p e r a t u r e  d i f f e r e n c e  be tween  t h e  o u t s i d e  w a l l  
and t h e  i n s i d e  c a n  you h a v e  u n t i l  w a t e r  t t  ansport becomes a J 

prob lem.  And for t h i s  o n e  h a s  n o t  o n l y  t o  c o n s i d e r  t h e  d i f -  
f e r e n c e  be tween  KOH and p u r e  w a t e r ,  b u t  o n e  h a s  t o  c o n s i d e r  



i n  a  p r a c t i c a l  c a s e  t h e  w a t e r  vapor  d i f f e r e n c e  b e f o r e  a  
more d i l u t e d  KOH which might have on t h o  c y l i n d e r  w a l l s  or  
whereu tr . 

CARR: One t h i h g  we l i k e  about  o u r  d e s i g n ,  be i t  
any o n e  of  t h e s e ,  n o t  a l l  of  t h e s e  bu t  most of  t h e  designs 
t h a t  you saw, is t h a t  t h e  cel l  s t a c k  is a g a i n s t  t h e  ce l l  w a l l  
i n  some l a r g e  d e g r e e ,  T h a t ' s  t r u e  of t h i s  h a l f  s h e l l  d e s i g n  
a s  well ts t h e  l a r g e  f l a t  p r i s m a t i c  s h a p e .  

T y p i c a l l y .  a s  you c a n  e n v i s i o n ,  t h i s  computer  
p r i n t o u t  shows t h a t  what you want t o  do t o  make t h e  ce l l  
d e s i g n  h a r d e r  and w a t e r  r e p e l l a n t  is t o  make t h e  ce l l  
na r rower .  T h i s ,  of  c o u r s e ,  is b e n e f i c i a l  from a  t h e r m a l  
s t a n d p o i n t  a l s o ,  so t h i s  was a  n i c e  t h i n g ,  

But a g a i n ,  your r a d i u s e s  a r e  s m a l l e r ,  and so  t h e r e -  
fore  t h e  w a l l  t h i c k n e s s  of your  ce l l  case c a n  be reduced ,  
when you go down t h i n n e r .  

HOLLECK: T h i s  may g i v e  you some back r.&liw b u t  
i t  a l s o  c a n  produce some t h i c k e r  t h e r m a l  r a d i a n c e  a l o n g  t h e  
ce l l  s t a c k .  

CARR: Y e s ,  t h e r e  is s t i l l  g o i n g  t o  be l a r g e  v o i d  
a r e a s  i n  t h e  cel l  c a s e .  I mean t h i s  is by d e f i n i t i o n .  

VINCE: Vince ,  Naval Research .  1 though t  I saw i n  
one  o f  t h e  drawings a number t h a t  looked l i k e  10 m i l s  -- is 
t h a t  your  c a s e  t h i c k n e s s ?  

CARR: D i s r e g a r d  t h a t .  

BOGNER: Bogner,  JPL. What is a  self d i s c h a r g e  
mechanism, o r  is t h a t  much of  a  problem? 

CARR: Loss of oxygen from t h e  p o s i t i v e .  

HOLLECK: I t  seems p r e t t y  r a p i d .  

DUNLOP: Again, remember t h a t  f o r t u n a t e l y  t h a t  
viewgraph t h a t  was p u t  u p  was a  s k e t c h  t h a t  Joe made. The 
p o i n t  t h e r e  is i f  you p u t  i t  up ,  i f  you made t h i s  s k e t c h  
r i g h t ,  t h e r e  is a decay ing  r a t e  go ing  on t h e r e .  I t ' s  h i g h e r  
t h a n  nickzl-cadmium, somewhat h i g h e r .  T h a t  is t r ~  2 .  

We c o u l d  t a l k  about  t h a t  i n  some d e t a i l .  T h e r e  is 
t h e  hydrogen r e d u c t i o n  o f  t h e  n i c k e l  e l e c t r o d e .  I t ' s  a 
r e l a t i v e l y  slow p r o c e s s ,  b u t  whether i t ' s  bad or hydrogen 
a c t i v e  i t e s  a n o t h e r  problem. S u f f i c e  t o  s a y  it does  seem I 

to  be a r e l a t i v e l y  good c o r r e l a t i o n  w i t h  t h e  p r e s s u r e  d e c r e a s e !  
and a d e c r e a s e  i n  c a p a c i t y  obse rved .  ! 

If you go o u t  i n  a  week or two, i t  is t r a i l i n g  off ! 
q u i t e  a b i t .  

! 
I CARR: To answer you? q u e s t i o n ,  t h a t  o n e  slide of , 



lh99  t h e  l a r g e  p r i s m a t i c  ce l l ,  which was 5.8 by 10 i n c h e s ,  does  
. . .  show 10  m i l  Incoilcl would be  s u i t a b l e  for t h a t  c e l l  d e s i g n  

Thcz-ci t~ l ies  o n e  o f  the problems \ ~ i  t h t ' l iat c e l l .  T h i s  is 
assuming t h e  worst p r e s s u r e s  t h a t  w e  mv3t have,  because  we 
c a n  g e t  t h e r e  i f  you c a n  make i t ,  

Of course, t h i s  is a n o t h e r  t r a d e - o f f .  I t h i n k  i n  
most cases we w i l l  p robably  work a t  p r e s s u r e s  g r e a t e r  t h a n  
400 p s i ,  because  you j u s t  c a n ' t  make t h e  p r e s s u r e  v e s s e l  t h a t ' s  
s o  t h i n  t o  work down e f f i c i e n t l y ,  t o  work down a t  low pres -  
s u r e s  l i k e  200 p s i .  

One t h i n g  t h a t  is r e a l l y  q u i t e  e x c i t i n g  about  t h i s  
hydrogen b a t t e r y  t echno logy  -- t h i s  is j u s t  an  e d i  t c r i a l  
comment -- is t h a t  w e  don ' t  f e e l  r e s t r a i n e d  by some o f  t h e  
o l d  r u l e s ,  and it 's r e a l l y  q u i t e  a - c h a l l e n g e  t o  be  a b l e  t o  
d e s i g n  a b a t t e r y  which c a n  r e a l l y  l ook  l i k e  a n y t h i n g  a lmos t  
you want t o  make i t .  

Every th ing  is so  p r e c i s e ;  so many ampere hour s  o f  
c a p a c i t y  o f  t h e  ce l l  is e q u i v a l e n t  t o  s o  much hydrogen, and 
s o  t h e r e f o r e ,  f o r  any p a r t i c u l a r  o p e r a t i n g  p r e s s u r e  you know 
what your  t o t a l  volume is. And t h e n  t h a t  becomes your  o n l y  
c o n s t r a i n t .  From t h a t  c o n s t r a i n t  t.., :I you go t o  your  des ign  
c o n s t r a i n t ,  s a f e t y  marg ins ,  and how you a r e  go ing  t o  mount 
i t ,  and these k ind  of  t h i n g s .  I t h i n k  t h a t  t h i s  is o n e  p o i n t  
t h a t  I wanted t o  make. 

T h a t  we -a re  n o t  c o n s t r a i n e d  a s  t o  o n e  k i n d  o f  ce l l  
d e s i g n ,  and we're n o t  c o n s t r a i n e d  t o  t w o  or t h r e e .  

GINER: I wanted t o  make a  comment about  t h e  s e l f  
d i s c h a r g e  mechanism. We though t  i n i t i a l l y  t h e r e  would he,  
a s  you ment ioned,  oxygen b e i n g  l o s t  from n i c k e l  o x i d e .  Then 
w e  made some expe r imen t s  w h e r e  w e  found t h a t  i t  was h i g h e r  
compress ion ,  i n d i c a t i n g  t h i s  was t h e  t y p e  of  t h i n g  t h a t  is 
produced -- is o x i d i z e d  a u t o m a t i c a l l y  by t h e  n i c k e l  o x i d e .  

We know t h a t  hydrogen r e a l l y  d o e s n ' t  h e l p  t h e  n i c k e l  
o x i d e  enough t o  have i t  exp lode ,  bu t  i n t e r a c t s  e n o u ~ h .  

CARR: T h a t ' s  i n t e r e s t i n g .  We d i d  some y e a r s  ago, 
1961 or t h e r e a b o u t s ,  a whole  series of  bomb s t u d i e s ,  so t o  
speak ,  w h e r e  d i f f e r e n t  m a t e r i a l s  were put  i n  w i t h  d i f f e r e n t  
g a s e s ,  t r y i n g  t o  c a u s e  someth ing  t o  happen,  And a t  t h e  t i m e  
t h e r e  was n o t h i n g  t h a t  happened. 

Whenever hydrogen was put  i n  w i t h  p o s i t i v e  p l a t e s .  
But o f  c o u r s e ,  i t  c o u l d  have been so s m a l l  t h a t  it  w a s n ' t  
no t ed .  

GINER: S i x  hundred p s i ,  we c a n  h e a r  600 psi -- 
it's a d i f f e r e n t  s i t u a t i o n .  

GANDEL: Gandel ,  Lockheed. D r .  G i n e r ,  t h e  p r e s s u r e ,  



lhlOO I d o n ' t  t h i n k  has  -- I  mean the fact  t h a t  the self d i s c h a r g e  
may o c c u r  more r a p i d l y  a t  l u g h e r  p r e s s u r e ,  d o e s n ' t  necesrRr-  
i l y  i n d i c a t e  t h a t  t h e  r e a c t i o n  i s  o c c u r r i n g  a t  t h o  p o s i t i v e ,  

GXMER: I t h i n k  so, because  you have p l e n t y  o f  
hydrogen. you know. I f  t h a t  was t h e  oxygen t h a t  was r e a c t i n g  
on t h e  p l a t i num coming o u t  from t h e  p o s i t i v e  and go ing  i n t o  
g a s i f i c a t i o n  and r e a c t i n g  t o  t h e  p l a t i num s u r f a c e ,  you would 
have no e f f e c t  o f  t h e  hydrogen p r e s s u r e  because  t h e r e  is so 
much around.  

The k i n e t i c s  of t h e  r e a c t o r  a r e  so f a s t .  The oxygen- 
hydrogen combinat i o n  on t h e  p l a t i num.  e s p e c i a l l y  a t  t h e  v e r y  
low p o t e n t i a l  of t h e  h igh  c h a r g i n g  e l e c t r o d e .  O t h e r  peop le  
have ment ioned,  depending on t h e  w e t t i n g  o f  the s e p a r a t o r ,  
you g e t  a l s o  less s e l f  d i s c h a r g e .  The e l e c t r o l y t e  is r e a l l y  
w e t t e d  w i t h  less of  a d i s c h a r g e  problem. 1- was wondering 
i f  t h a t  is the hydrogen d i f f u s i o n .  

Marty,  you have a n  e n c l o s e d  one .  

KLEIN: Yes, I b e l i e v e  i t ' s  hydrogen r e a c t i n g ,  
p robab ly  n o t  even  d i r e c t l y  w i t h  t h e  n i c k e l  hydroxide.  T h i s  
s e r v e s  a s  a  r e a c t i o n  s i te ,  and you know n i c k e l  is a l o u s y  
hydrogen e l e c t r o d e .  You've g o t  a  lo t  of  a r e a ,  you 've  g o t  
h igh  p r e s s u r e  hydrogen, and i t ' s  v e r y  dependant  on t h e  elec- 
t r o l y t e  f i l m  t h i c k n e s s ,  l i k e  any f u e l  ce l l  g a s  p r o c e s s .  

I t  depends on  a number of t h e s e  t h i n g s .  The hydro- 
gen p r e s s u r e ,  t h e  a c c e s s i b i l i t y  t o  t h e  n i c k e l  sinter, and 
t h e  deg ree  of e l e c t r o l y t e .  You c a n  g e t  d i f f e r e n t  r e s u l t s ,  
and you c a n  g e t  d i f f e r e n t  r e s ~ l t s  from ce l l  t o  ce l l ,  you 
g e t  d i f f e r e n t  r e s u l t s  f r o a  d i f f e r e n t  n i c k e l  e l e c t r o d e  s t r u c -  
t u r e s .  

I t  is n o t  a l l  t h a t  w e l l  s c r u t i n i z e d  a t  t h i s  s t a g e  
of t h e  game beyond s a y i n g  I am p r e t t y  s u r e  t h a t ' s  what is 
happening.  

PICKETT: I would l i k e  t o  know i f  anybody h a s  t h e  
d a t a  t h a t  shows t h e  e f f e c t  o f  s e l f  d i s c h a r g e  w i t h  t h e  amount 
o f  c o b a l t  c o n c e n t r a t i o n  d e p o s i t .  

K L E I N :  Not I .  

CARR: Not I .  

BOGNER: Have you done much s t u d y  w i t h  an open cir- 
c u i t  s t a n d  o t h e r  t h a n  a  few days? 

CARR: No. This is one t h i n g  t h a t  we want t o  do, 
b u t  we j u s t  h a v e n ' t  done i t  y e t .  1 

STEINHAUER: Has anyone, i n c l u d i n g  y o u r s e l f ,  made 



c a l c u l a t i o n s  or looked up  d n t  R c o n c e r n i n g  e x p l o s i v e  mix tu re s?  
Can you g e t  an oxygen-hydrogen combina t ion  t h a t  i f  you g e t  
nn a r c i n g  i n  the c e l l  i t .  \vould be csplosivc,  o r  a r e  we s imp ly  
look ing  a t  hydrogen p r e s s u r e ?  

DUNLOP: A t  l e a s t  5 p e r c e n t .  Wet re belcw -- well, 
normal c h a r g i n g ,  even u p  t o  C r a t e ,  we're beiow t h e  e x p l o s i v e  
m i x t u r e .  

LANDER: Less  t h a n  4 pe rcen t?  

DUNLOP: It 's much less t h a n  1 p e r c e n t .  p r e s s u r e  
y o u ' r e  t a l k i n g  a b o u t .  

UCIIIYASIA: I j u s t  want t o  r e c a l l  a  s t a t e m e n t  made 
' a t  the v e r y  beg inn ing  of t h i s  meet ing  y e s t e r d a y .  The depu ty  
d i r e c t o r  asked  t h e  q u e s t i o n  o r  made t 2 e  s t a t e m e n t  c o n c e r n i n g  
cost and so f o r t h .  Would you c a r e  t o  s t i c k  your neck o u t  
r i g h t  now t o  s a y  whether  t h i s  -- 

D U N U P :  L e t  m e  make a s i m p l e  p o i n t ,  and I w i l l  
make t h i s  v e r y  s i m p l e .  How much does  i t  c o s t  you to  pu t  a 
b a t t e r y  u p  i n t o  o r b i t .  I bet you i f  you look  a t  i t  on a 
one  hour  p e r  pound b a s i s  y o u ' r e  t a c k i n g  about  one-ha l f  or 
o n e - t h i r d  t h e  cost t h a t  y o u ' r e  go ing  t o  have .  Four times 
t h e  w a t t  hou r s  p e r  pound i n  t h e  sys t em your costs  w i l l  be 
less t h a n  twice a s  much. 

I am g l a d  you asked  t h a t  q u e s t i o n ,  because  theoret i-  
c a l l y  i f  you want t o  pu t  i t  on a  p a r t i c u l n r  b a s i s ,  your  cost -- u n f o r t u n a t e l y  I d i d n ' t  a g r e e  w i t h  h i s  s t a t e m e n t  i n  r e g a r d  
t o  b a t t e r i e s ,  because  b a t  ter j  es a l r e a d y  a r e  p robab ly  the 
c h e a p e s t  t h i n g  on a p e r  pound b a s i s  which w e  a r e  p u t t i n g  i n t o  
a  s a t e l l i t e ,  t o  beg in  w i t h .  

And f r a n k l y ,  t h e  emphasis  o v e r  t h e  l a s t  few y e a r s  
h a s  been i n  e x a c t l y  t h e  o p p o s i t e  d i r e c t i o n .  The cost o f  t h e  
b a t t e r y  is c e r t a i n l y  n o t  i n  t h e  d e l i v e r y  of  t h e  ce l ls .  By 
t h e  t i m e  we launch  a  b a t t e r y  i n  a n  IiJTZLSAT ::atellite we pay, 
well, f o u r  t o  f i v e  times t h e  cost of t h e  a c t u a l  ce l ls  them- 
s e l v e s .  

CARR: D i d  you h e a r  t h a t ,  Rampel? 

DUNMP: Even c o n s i d e r i n g  t h a t  p o i n t  a l o n e ,  t h e r e  
is a v e r y  i n t e r e s t i n g  argument .  I f  you r e a l l y  have a  s i g n i -  
f i c a n t  g a i n  i n  terms o f  w a t t  hours per  pound, and t h e n  you 
look  a t  how much i t  costs you t o  put  o pound o f  payload  in 
o r b i t ,  a c t u a l l y  you a r e  go ing  t o  come up  -- t h e r e  is a v e r y  
sound economic argument h e r e  t o  s a y  t h e  c o s t  is reduced  by 
t h e  f a c t o r  of two, 

UCHIYAMA: I n c l u d i n g  t h e  cost q u e s t i o n ,  I t h i n k  my 
second q u e s t i o n  is t r e a t e d  by what C a r r  a a i d  s l i t t l e  w h i l e  ago 



about  manufac tu r ing .  I thought  I d e t e c t e d  some c o n c e r n ,  
j u s t  t h e  manufac tu r ing ,  I t  would take more QC, f o r  example.  

CARR: Well, f i r s t  o f  a l l ,  o u r  approach is main ly  
b u i l d i n g  a  cell  s t a c k  l i k e  w e  know how t o  b u i l d ,  e x c e p t  i n  
t h i s  concession t h a t  I made t o  Comsat about  b u i l d i n g  a  c y l i n -  
d r i c a l  c e l l .  Tha t  was n e g o t i a t e d  v e r y  c a r e f u l l y .  But t h e  
concorns ,  o f  c o u r s e ,  a r e  t o  keep  t h e  b a t t e r i e s  t h a t  we make .. 
producable .  I t  f o l l o w s  t h e n  t h a t  t h e  cos ts  w i l l  be k e p t  dawn, 

But s t i l l  we a r e  t a l k i n g  i n  terms o f  t h e  same o r d e r  
o f  magni tude,  or s l i g h t l y  more, f o r  n i c k e l  hydrogen ce l l s ,  
a s  compared t o  s p a c e c r a f t  nickel-cadmium c e l l s .  N o w ,  t h e r e  
was one  o t h e r  b a t t e r y  d e s i g n  t h a t  was p r e s e n t e d  which shows  
a  s u b s t a n t i a l  d o l l a r  s a v i n g s  i n  a p p l i c a t i o n ,  

BILLERBECK: B i l l e r b e c k ,  Comsat. J u s t  t o  comment 
on J i m  Dunlop 's  comment, we a r e  still t a l k i n g  about  numbers 
i n  t h e  o r d e r  o f  $10 ,000  a  pound f o r  comme=cial communicntion a 

s p a c e c r a f t  . 
DUNLOP: T h a t ' s  a n  i n t e r e s t i n g  p o i n t  i f  we r e a l l y  

t h i n k  about  t h a t .  You r e a l l y  p robab ly  have a  f a n t a s t i c  cost 
s a v i n g ,  

GANDEL: Gandel ,  Lockheed. P u t t i n g  t h e  o t h e r  end 
of t h a t  $10,000 a  pound comment on a  20 ampere hour  ce l l ,  
if  we a r e  t a l k i n g  s a v i n g  one  pound o v e r  a  NiCd cel l  o f  20 
ampere h o u r s ,  and i f  t h a t  ce l l  cost u s  $500 more per u n i t ,  
which m i g h t  be about  what i t ' w o u l d  be ,  t h e n  t h a t  $500 
would account  f o r  t h e  c o s t ,  added c o s t ,  D e l t a  c o s t ,  v e r s u s  
your 1 0 K a  pound to p u t  i t  up .  So t h a t ' s  a  b a r g a i n .  

KLEIN: I would l i k e  t o  s a y  one  t h i n g ,  You g e t  
d i s t r a c t e d .  The p l a t inum c o s t  i n  t h e  c e l l s  t h a t  w e  a r e  b u i l d -  
i n g  is about  a  d o l l a r  an  ampere h o u r ,  so t h a t  r e a l l y  d o e s n ' t  
c o u n t .  I t ' s  r e a l l y  a l l  t h e  a e r o s p a c e  c o n s i d e r a t i o n s .  I t  
r e a l l y  s h o u l d n ' t  cost any more t h a n  nickel-cadmium cells.  

CARR: I c o n c u r .  

UCHIYAMA: Does this mean a l l  t h e  t e s t i n g  t h a t  
u s u a l l y  g o e s  a l o n g  w i t h  t h e  d e l i v e r y  of  t h e  c e l l ,  vendor  t o  t h e  
u s e r ,  is no t  q u i t e  t h a t  e x t e n s i v e ?  

CARR: I don ' t  know if we dec ided  t h a t  or n o t  T h i s  
is where we a r e ,  j u s t  b u i l d i n g  f l i g h t  t y p e  hardware now so 
t h a t  I t h i n k  we a r e  l e a r n i n g  t h e r e  about  how do  we get t h e s e  
from where t h e y  a r e  i n t o  b a t t e r i e s  economica l ly  a t  a  reason-  
a b l e  p r i c e .  Maybe t h a t  w i l l  be c h e a p e r ,  bu t  I d o n ' t  know i f  
we know t h a t .  

FORD: Could we move on? 



l h103  DUNLOP: We a r e  go ing  t o  have one  more paper  
t o d a y  that wc do have; we nre go ing  t o  do t h a t  . There  is 
some cof fec i n  the b a c k .  \Ye arc goillg t o  go alwed w i t h  
one  more t a l k  because a l o t  of peop le  have some a i r p l a n e s  
t o  c a t c h ,  and t h e n  we c a n  t a k e  a b reak  for  c o f f e e  and have 
more d i s c u s s i o n  if you want t o ,  

The nex t  s p e a k e r  is Ron liaas from Phi  lco-Ford , 

L i s t e n ,  gent lemen,  i f  you w i l l  t a k e  your  s e a t s  
w e  would l i k e  t o  go ahead w i t h  t h i s  l a s t  pape r ,  and tLzn 
w e  w i l l  have t h e  c o f f e e b r e a k  a f t e r  t h a t .  

HAAS: S i n c e  l a s t  y e a r  we have c o n t i n u e d  t o  work 
a t  P h i l c o  i n  r ev i ewing  t h e  d e s i g n  and performance cha rac -  
teristics of nickel-hydrogen.  si lver-hydrogen,  and,  a s  ycu 
know t h i s  morning, we have done a f a i r  amount o f  work on 
nickel-cadmium t o  r e d u c e  t h e  w e i g h t .  

T h i s  is a g e n e r a l  a r e a  of  i n t e r e s t  f o r  o u r  prime 
c o n t r a c t o r ,  and we do t h i n k  t h a t  there is a good d e a l  o f  
promise downstream somewhat on these hydrogen ce l ls .  One 
of o u r  pr imary  c o n c e r n s ,  of c o u r s e ,  is we f l y  b a t t e r i e s ,  n o t  
c e l l s ;  and so i n  l ook ing  a t  p o s s i b l e  d e s i g n  c o r c e p t s  we 
came u p  w i t h  a semi-pr i smat ic  c e l l  d e s i g n  w i t h  a t y p i c a l  
packaging approach i n  terms of  packaging n i cke l - cad .  

Could we u s e  a p o i n t e r ?  

( S l i d e  231. '1 

I would l i k e  t o  ~ o i n t  o u t  a few o f  t h e  c o n s i d e r a -  
t i o n s  h e r e .  We have a f l a t  s u r f a c e  on t h e  s i d e  of these 
ce l l s .  We have a T - r i b  t he rma l  s h u n t ,  which is e s s e n t i a l l y  
i d e n t i c a l  i n  f u n c t i o n  t o  t h e  d e s i g n  work t h a t  we do w i t h  
nickel-cadmium. 

We have found t h a t  t h a t  h a s  worked r e l a t i v e l y  w e l l  
i n  terms of  r e d u c i n g  t h e  packaging w e i g h t .  Nickel-cadmium 
packaging wcight  has  been reduced t o  about  4 p e r c e n t  o f  t h e  
t o t a l .  T h a t ' s  t h e  d e s i g n  concep t  t h a t  was d i s c u s s e d  t h i s  
morning. O r  s i l ve r -hydrogen  o r  nickel-hydrogen b a t t e r y  
d e s i g n  -- we a r e  l ook ing  a t  a ce l l  w i t h  somewhat l i g h t e r  
weight  s o  t h a t  t h e  packaging weight  f o r  those cel ls  would 
p robab ly  go  u p  t o  about  10 p e r c e n t  based on o u r  d e s i g n  
n n a l y s i s  . a t  t h i s  p o i n t ,  

Next s l i d e ,  p l e a s e ,  
( S l i d e  233.) 

We would l i k e  t o  summarize some o f  t h e  performance 
c h a r a c t e r i s t i c s  a s  we have found them t o  be  i n  o u r  l abo ra -  
t o r y  i n v e s t i g a t i o n ,  and s o  I have i n c l u d e d  h e r e  bo th  n i c k e l -  
hydrogen and s i l ve r -hydrogen .  We have demons t ra ted  a t  t h i s  
p o i n t  about  700 c y c l e s  on  s i l v e r - h y d r o g e n .  I t ' s  been ment ioned i 

! 
? 



lh104 t h i s  a f t e r n o o n  t h a t  c y c l e  l i f e  of s o m c t l ~ i n g  l i k e  a  thousand 
t o  two thousand c y c l e s  h a s  been demons t ra ted  f o r  n i c k e l -  
hydrogen. 

With e n e r g y  d e n s i t y  v a l u e s ,  we have b u i l t  and t e s t e d  
s i l ve r -hydrogen  cel ls  w i t h  a n  ene rgy  d e n s i t y .  o f  about  63 to  
65 w a t t  hou r s  per pound. Our d e s i g n  v a l u e s  f o r  n-ckel-hydrogen 
a r e  i n  t h e  o r d e r  of  93 w a t t  hours  per pound. A d d i t i o n a l l y ,  
t h e r e  a r e  c e r t a i n  a p p l i c a t i o n s  w h e r e  p w e r  d e n s i t y  is f a i r l y  
i m p o r t a n t .  

And v e r y  i n t e r e s t i n g ,  t h e  s i l ve r -hydrogen  power 
d e n s i t y  c a p a b i l i t y  f o r  a  v e r y ,  v e r y  s h o r t  d i s c h a r g e  p e r i o d  
i n  t h e  o r d e r  of about  a minute  o r  s o  is 1.5 k w .  per pound, 
Equ iva l en t  v a l w s  based on t h e  performance t h a t  w e  were 
o b t a i n i n g  f o r  nickel-hydrogen would be about  one-half  t h a t .  

May I have t h e  n e x t  s l i d e ,  p l e a s e ?  

( S l i d e  234.) 

T h e ' b a t t e r y  assembly package we showed, f i r s t  s l i d e ,  
is made u p  o f  a  semi-pr i smat ic  c e l l  c o n t a i n e r  d e s i g n .  T h i s  
p a r t i c u l a r  one  which we e v a l u a t e d  is a  nominal 20 ampere hour  
c o n f i g u r a t i o n ,  i n  terms or' t he  dimension about  f o u r  i n c h e s  
a c r o s s ,  three and a q u a r t e r  i n c h e s  t a l l ,  and t h e  dep th  is 
about  two i n c h e s .  

The n e x t  s l i d e ,  p l e a s e .  

( S l i d e  235,) 

Okay. \ye c o n t i n u e  to  look  a t  performance i n  terms 
of  c u r r e n t  d e n s i t y ,  a  f u n c t i o n  of c e l l  v o l t a g e ,  and I am 
going  t o  be f o l l o w i n g  t h i s  w i t h  what I t h i n k  a r e  some f a i r l y  
i n t e r e s t i n g  d a t a  on v a r i a t i o n s  t h a t  you c a n  e x p e c t  to  o b t a i n  
u t i l i z i n g  d i f f e r e n t  s e p a r a t o r  sys t ems .  

What w e  see h e r e  e s s e n t i a l l y  is a  s i l ve r -hydrogen  
w i t h  a  somewhat lower p o l a r i z a t i o n  v o l t a g e ,  and n i c k e l -  
hydrogen somewhat h i g h e r  r e f e r e n c e  i n f o r m a t i o n  h e r e .  

Next s l i d e .  p l e a s e .  
( S l i d e  236.1 
Looking a t  s e p a r a t o r  sys tems  -- and I do thit .- .  t h a t  

we a r e  f i n d i n g  o u t  t h a t  v a r i o u s  s e p a r a t o r  sys t ems  w i l l  g i v e  
u s  somewhat improved performance r e l a t i v e  t o  c u r r e n t  d e n s i t y .  
We used  a s  a b a s e l i n e  s e p a r a t o r  m a t e r i a l  P e i l o n ,  and we have 
shown a  -6, -9, and -15 s e p a r a t o r .  And t k l s  d a t a  fo r  a 
s i l ve r -hydrogen  ce l l  w e  f e e l  is v e r y  good. And t h e r e  La 
always a  q u e s t i o n ,  what have you l o s t  i : r  terms of  cycle l i fe  
c a p a b i l i t y  w i t h  these a e p a r a t o r s ;  what a r e  t h e  i m p l i c a t i o n s  
i n  t e rms  of e l e c t r o l y t e  main tenance ,  







Let's go on t o  t h  

( S l i d e  237 .)  

e next  s l i d e ,  p l  e a s e ,  

The i n t e r e s t i n g  t h i n g  t h a t  we have found is t h a t  
u t i l i z i n g  P e l l o n  i n  t h e  c o n f i g u r a t i o n  t h a t  we e v a l u a t e d  i t ,  
and t h e r e  a r e  p robab ly  better approaches ,  b u t  f o r  t h e  pur- 
poses  of t h i s  e v a l u a t i o n  we compared t h e  weight  of t h e  p l a t e s  
w i t h  t h e  c a p a c i t y  produced. 

T h i s  t h e  v a l u e s  f o r  nickel-hydrogen,  s i l v e r - h y d r o g e n  
on t h e  r i g h t ,  and I t h i n k  i t 's  r e a l l y  p r e t t y  i n t e r e s t i n g  t o  
n o t e  t h a t  t h e  e f f i c i e n c y ,  i n  terms o f  u t i l i z a t i o n  o f  t h e  
a c t i v e  m a t e r i a l ,  c a n  v a r y  q u i t e  a b i t .  

Next s l i d e ,  p l e a s e .  

( S l i d e  238.) 

Okay. The summary, i n  terms o f  t h e  energy  d e n s i t y  
and power d e n s i t y  c a p a b i l i t y  f o r  t h e  s i l ve r -hydrogen  cells,  
based on c a l c u l a t e d  v a l u e s ,  because  macy of t h e s e  c u r r e n t  r a t e s  
would r e q u i r e  e i e c t r o d e  t h i c k n e s s e s  i n  the o r d e r  of  5 m i l s ,  
and we d i d  n o t  e v a l u a t e  e l e c t r o d e s  w i t h  t h a t  t h i c k n e s s .  But 
i t 's  summarized h e r e  i n  terms o f  t h e  d i s c h a r g e  t i m e  from zero 
t o  t e n  minutes  and t h e n  t h e  s c a l e  changes  u p  t o  60 minu te s  
which might be, o h ,  a  more t y p i c a l  r a t e  f o r  t h e  a p p l i c a t i o n s  
normally  c o n s i d e r e d  i n  s a t e l l i t e s .  

The ene rgy  d e n s i t y  f o r  s i l ve r -hydrogen  f o r  t h e  l o n g e r  
term d i s c h a r g e  p e r i o d s  is 50 to  60 w a t t  hour s  ter pound, and 
t h e  power d e n s i t y  for short  d i s c h a r g e  p e r i o d s  i n  t h e  o r d e r  o f  
a c o u p l e  of  minutes  a r e  c a l c c i a t e d  a s  h i g h  a s  1.5 kw, per 
pound. 

Next s l i d e ,  p l e a s e .  

( S l i d e  239.) 

We summarize a g a i n  t h e  d e s i g n  v a l u e s  f o r  e n e r g y  
d e n s i t y  on t b e  v e r t i c a l  s c a l e ,  and t h e  c a p a c i t y  on t h e  h o r i -  
z o n t ~ l  s c a l e .  We have a  d a t a  p o i n t  f o r  the 20 amp. hour  
s i l ve r -hydrogen  ce l l .  We had a  l a b o r a t o r y  ce l l  d a t a  p o i n t  f o r  
a  s m a l l  ce l l .  We have d e s i g n  v a l u e s  for  the 50 amp. hour  
si lver-hydrogen ce l l .  

The b a t t e r y  weight  would be somewhat less t h a n  t h e  
ce l l  w e i g h t ,  o f  c o u r s e .  Based on t h e  e f f i c i e n c y  numbera I 
was j u s t  r e f e r r i n g  t o ,  grams p e r  ampere hour on t h e  n i c k e l  
e l e c t r o d e s ,  we f e e l  t h a t  ene rgy  d e n s i t y  o f  35 to  40 w a t t  
hou r s  p e r  pound shou ld  be achxevable  i n  t h e  f u t u r e .  As refer- 
ence ,  we show energy  d e n s i t y  v a l u e s  f o r  nickel-cadmium b a t t e -  
ries; and Phi lco-Ford ,  o f  c o u r s e ,  is working on t h i s  problem 
w i t h  t h e  nickel-cadmium, and we feel  we c a n  e v e n t u a l l y  doub le  
t h a t  v a l u e  so t h a t  we would have a  nickel-cadmium b a t t e r y  
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lh lO6 assembly ene rgy  d e n s i t y  i n  t h e  o r d e r  o f  24 w a t t  h o u r s  a  pound. 
T h a t ' s  t h e  c o n c l u s i o n .  

KLEIN:  I am n o t  s u r e  I u n d e r s t a n d .  You had a  s l i d e  
showing grams p e r  ampere hour  u t i l i z a t i o n  of t h e  n i c k e l  elec- 
t r o d e  as a  f u n c t i o n  o f  s e p a r a t o r  m a t e r i a l .  

i . . HAAS: T h a t  's correct, 

KLEIN:  The lowest l e v e l  you had, I t h i n k ,  was 6 , 7  
grams. 

HAAS: Grams p e r  ampere hour ,  a  p l a t e .  

KLEIN:  T h a t ' s  based  on what -- t h e  t o t a l  we igh t?  

HAAS: Based on t h e  weight  o f  t h e  p l a t e .  

KLEIN: The t o t a l  we igh t  of t h e  n i c k e l  s i n t e r  p l u s  
t h e  a c t i v e  m a t e r i a l ?  

HAAS: R i g h t .  

KLEIN: You have ach ieved  t h a t ?  

HAAS: Y e s ,  t h a t ' s  correct. 

KLEIN: What p e r c e n t  of t h e o r e t i c a l  u t i l i z a t i o n  
would t h a t  be? 

HAAS: I d i d n ' t  manufac ture  t h e  electrode, L e t  m e  
p o i n t  o u t  t h a t  it is t y p i c a l  of a  v a l u e  you would measure  
i n  a  f l ooded  n i c k e l  e l e c t r o d e  t es t .  

KLEIN:  Why would you t h i n k  t h a t  s e p a r a t o r  is 
dependant  on a  f l ooded  ce l l  test? 

HAAS: I h a v e n ' t  s t a t e d  t h i s ,  b u t  i f  you look  a t  
t h e  d a t a  t h e  i m p l i c a t i o n  h a s  g o t  t o  be t h e r e .  If you a r e  a b l e  
t o  d e s i g n  a  cel l  t h a t  i s  o p e r a t e d  e s s e n t i a l l y  f l o o d e d ,  you 
w i l l  a c h i e v e  an e f f i c i e n c y  s i m i l a r  t o  t h e  e f f i c i e n c y  you 
would a c h i e v e  i n  a beake r  test  for  a  n i c k e l  e l e c t r o d e .  

S O L T I S :  I b e l i e v e  you showed a  volume d e n s i t y  of 
o n e  and a  h a l f ,  one hour c u b i c  i n c h  fo r  t h e  s i l v e r - h y d r o g e n  
and about  h a l f  t h a t  f o r  t h e  n icke l -hydrogen .  

HAAS: I would have t o  r e f e r  t o  t h a t .  Power d e n s i t y  
or volume d e n s i t y ?  

S O L T I S :  Volume d e n s i t y .  

HAAS: I t h i n k  i t  was power d e n s i t y  k i l o w a t t s  
per pound. 



..A 

SOLTIS: Do you have any numbers t h a t  you c o u l d  
perhaps  q u o t e  f o r  volume d e n s i t y ?  

HAAS: I t h i n k  w e  c o u l d  -- I t h i n k  you c o u l d  r e a d i l y  
c a l c u l a t e  based  on t h e  c a p a c i t y  and d imens ions  t h a t  I i n d i c a t e d  
for a  20 amp. hour  c e l l .  I would l i k e  t o  have  t h a t  number 
r e a d i l y  a v a i l a b l e  fo r  you. I d o n ' t .  

GINER: ' have  some r e s e r v a t i o n s  about  t h i s  f l a t  
t y p e  b a t t e r y ,  a s  you know. 

HAAS: Yes. 

GINER: I n  t h e  f i r s t  s t a g e  what happens i f  one  of 
t h e  b a t t e r i e s ,  o n e  of t h e  cel ls  s h o r t s ,  t h e  p r e s s u r e  goes to, 
let's s a y ,  50 psi  a t  t h e  b a s e ,  and a l l  o f  a  sudden you had 
something l i k e  600 p s i  i n  a  v e r y  f l i m s y  s t r u c t u r e ?  I c a n n o t  
h e l p  b u t  t h i n k  i t  won ' t  f l y  a round.  You would t h e n  coma to 
t h e  i d e a  t h a t  a  ce l l  shou ld  be s p h e r i c a l .  

HAAS: Let  m e  j u s t  show, t h e  b a s i c  geometry t h a t  we 
showed i n c l u d e d  t h i s  k ind  o f  arrangement  i n  between each  
ce l l .  Okay? And t h a t  i n  t h i s  region, away from the immediate  
edge  of t h e  c e l l ,  is a  t i e  down f l a n g e  which would t i e  down 
t o  a  mounting s u r f a c e .  And so  changes  here would n o t  r e a l l y  
a f f e c t  a n y t h i n g  else, a l though  i t  c e r t a i n l y  would be a  problem 
if w e  d i d n *  t have t h a t  k i n d  o f .  a r rangement .  

GINER: You a r e  s a y i n g  t h a t  e a c h  o f  t h e  cel ls  h a s  a 
r e s t r a i n i n g  set of  p l a t e s ?  4 

HAAS: T h a t ' s  correct. 

GINER: T h a t  would be v e r y  heavy i f  t h e y  have t o  be 
self s u f f i c i e n t  f o r  e a c h  o f  them.1f t h e y  a r e  working one  ce l l  i 
a g a i n s t  t h e  other one ,  t h e n  t h e  p l a t e  d o e s n ' t  have t o  be v e r y  
s t r o n g .  But if you have t o  r e l y  on a  s i n g l e  set of p l a t e s  -- 

HAAS: T h a t ' s  a  v e r y  i n t e r e s t i n g  r e l i a b i l i t y  problem, : 
and I t h i n k ,  i n  t h a t  i t ' s  a h y p o t h e t i c a l  s i t u a t i o n  and I am 
n o t  s u r e  t h a t  t h e  b a t t e r y  would be f u n c t i o n a l  i f  one o f  its 
cel ls  s h o r t e d  anyway. Y e s ,  i t ' s  c e r t a j  n l y  someth ing  t h a t  w e  
would c o n s i d e r  i n  a  sys tem a n a l y s i s  r e l a t i v e  t o  f a i l u r e  modes 
and e f f e c t s .  

DUNLOP: I t h i n k ,  i n t e r e s t i n g  enough, j u s t  t o  augment 
t h i s  a  b i t ,  I want t o  c a l l  a d i s c u s s i o n  w i t h  e x a c t l y  t h e s e  
same arguments ,  o f  c o u r s e ,  w i t h  E a r l  C a r r .  And I was prepa red ,  
I had a t  l e a s t  s i x  comments a g a i n s t  t h e  approach ,  a l l  t h a t  . . 
have been mentioned and a  few more, and o f  c o u r s e  t h e r e  a r e  I 

t h e s e  c o n s i d e r a t i o n s .  I t h i n k  t h e y  have a c t u a l l y  improved t h a t  
d e s i g n  somewhat, f r a n k l y ,  sipce t h a t  time, so t h e r e  is some 
r e t e n t i o n  t h e r e .  



l h l O 8  By t h e  way, t h e y  pu t  t h e i r  p l a t e s  t o g e t h e r  and a l s o  
s u p p o r t  them, which may or may n o t  h e l p  o f f s e t  t h i s  problem.  
But i t  c e r t a i n l y  is o n e  o f  c o n c e r n .  I t ' s  i n t e r e s t i n g  i f  you 
o n l y  t a k e  a  l o o k  a t  h i s  d e s i g n ,  f o r  example,  t h a t  h e  showed, 
t h e  l a s t  one  h e  showed i n  h i s  t a l k ,  which came down to t h a t  
c y l i n d r i c a l  approach fo r  t h e  o u t s i d e  c a n .  

Then by t h e  t i m e  he  s t a r t s  s t a c k i n g  a numbe? o f  
cel ls  u p  t o g e t h e r ,  he  a c t u a l l y  gets a  c y l i n d e r ,  i n  e s s e n c e ,  
i n  t h e  l o n g  r u n .  Now, t h a t  c y l i n d e r  is s e p a r a t e d  by a  bunch 
of t h i n  w a l l s ,  e ach  having  its own s e p a r a t e  hydrogen compart-  
ment.  You c a n  c o n t i n u e  on a l o n g  t h i s  l i n e  w i t h  a  lot of d i f -  
f e r e n t  o p t i o n s ,  i f  you t h i n k  about  it w i t h  t i m e .  

And a c t u a l l y  h e  p o i n t e d  o u t  a few where h e  had .t c a n ,  
a  whole s e l f  c o n t a i n e d  c a n  a t  o n e  t i m e .  One o f  t h e  t h i n g s  
t h a t  w i l l  o b v i o u s l y  heppen w i t h i n  t h e  nex t  y e a r  is some e v a l -  
u a t i o n  of t h e  i n t e g r i t y  of t h e s e  d i f f e r e n t  p r e s s u r e  v e s s e l s  
But f r a n k l y ,  i t  is one  o f  t h e  r e a l  problems i n  d e s i g n i n g  a  
b a t t e r y  a t  t h i s  p o i n t  i n  t i m e ,  i n  t h a t  you a r e  r e a l l y  n o t  
a b s o l u t e l y  s u r e  of t h e  best c h o i c e  of a  c o n f i g u r a t i o n  of p re s -  
s u r e  v e s s e l .  

But a t  t h e  same t i m e ,  i t  does  a l l ow you, a s  C a r r  
ment ioned,  a  f a i r  amount of f l e x i b i l i t y  i n  your  t h i n k i n g ,  
because  you a r e  n o t  i n h i b i t e d  a t  t h i s  p o i n t  i n  t i m e .  A t  
l e a s t  you would l i k e  t o  t h i n k  you a r e  n o t  i n h i b i t e d  by any  
c o n v e n t i o n a l  d e s i g n  cons t r a i n t  . 

GINER: But t h e  peop le  who produce f ire e x t i n g u i s h e r s  
i n - c y l i n d e r s ,  t h e y  may s top  and t h i n k  o f  t h e  poss ib i l i t i es .  

DUNLOP: Then t h e y  ended u p  w i t h  a  p r e s s u r e  v e s s e l .  

GINE3: I t h i n k  you a r e  t r y i n g  t o  make a n o t h e r  n i c k e l -  
cadmium because  we were brought  i n  nickel-cadmium t echno logy .  
L e t ' s  s t a r t  from s c r a t c h .  

DUNLOP: R i g h t ,  and e v e n t u a l l y  get t h e s e  to  t h e  u s e r s  
h o p e f u l l y  some day,  r i g h t ?  

BILLERBECK: You mentioned i n i t i a l l y  t h a t  onc o f  
your g o a l s  was 700 to  1,000 c y c l e s  and 80 p e r c e n t  d e p t h  of 
d i s c h a r g e  on t h e  s i l ve r -hydrogen?  

HAAS: Tha t  's correct, 

BILLERBECK: I wonder what s o r t  o f  performance you 
a c t u a l l y  ach ieved  and whether  t h e r e  was any e v i d e n c e  o f  s i l v e r  f 
m i g r a t i o n  proglems.  i 

HAAS: Yes. We have g o t t e n  a  maximum o f  close to  700 1 
c y c l e s .  We have g o t t e n  less t h a n  700 c y c l e s  on cells,  too, i 
and I t h i n k  t h a t  some of t h e  p r e s e n t a t i o n s  on t h e  i n o r g a n i c  i 

s i l v e r - z i n c  s e p a r a t o r  sys t em were v e r y ,  v e r y  a t t r a c t i v e ,  for 1 



lh109  s i l v e r - h y d r o g e n  a s  well, because  1 am s u r e  t h a t  t h e  s y s t e m s  
t h a t  I am e v a i u a t i n g  now, which a r e  i n  some c a s e s  n o t  a l t o -  
g e t h e r  d i f f e r e n t ,  a r e  n o t  optimum. Yes, t h e r e  is e v i d e n c e  
o f  s i l v e r  m i g r a t i o n ,  c e r t a i n l y .  

KRAUSE: What k i n d  o f  d e p t h  o f  d i s c h a r g e  a r e  you 
r u n n i n g  some of  your cel ls ,  a t  what t empera tu re?  

HAAS: Okay. We a r e  p robab ly  i n  about  t h e  same b o a t  
a s  most of t h e  peop le  e v a l u a t i n g  t h e s e  hydrogen cells. Essen- 
t i a l l y  a l l  o f  i t  h a s  been a t  a  r e a l  ambient t e m p e r a t u r e  I 
have done some c y c l i n g  a s  h i g h  a s  9 5 O ~ .  I haven ' t  r e a l l y  gone 
below l i k e  70F. I t 's  a  m a t t e r  o f  program p lann ing ,  and t ; , . 2  
c y c l i n g  d a t a  t h a t  w e  have g o t t e n  i n  t h e  best c a s e  h a s  been a  
p u r e l y  h i g h  r a t e  cha rge -d i scha rge  c y c l i n g ,  s h o r t  c y c l e s ,  o n e  
hour ,  one  and a  h d l f  hour  c y c l e s .  

KRAUSE: What k i n d  o f  dep th  o f  d i s c h a r g e  d i d  you get? 

HAAS: I n  t h a t  c a s e  it was about  80 p e r c e n t ,  depend- 
i n g  on  whether  you r a t e d  t h e  c a p a c i t y  when you looked a t  t h e  
a c t u a l  o r i g i n a l .  

KRAUSE: Does t h e  s i l ve r -hydrogen  ce l l  go  t o  zero 
p r e s s u r e ?  

HAAS: The s i l ve r -hydrogen  ce l l  g o e s  t o  zero p re s -  
s u r e  if -- o h ,  y e s ,  i n  terms of  a  v e r y  h i g h  r a t e  l o a d ,  whether  
i t 's  a  l o a d  e x t e r n a l  t o  i t s e l f  o r  i n t e r n a l ,  p r e s s u r e  goes to  
t h e  o r i g i n a l  v a l u e .  

LANDER: Do you have any d i s c h a r g e  d a t a  for  t h a t  
si l v e r ?  

HAAS: Y e s ,  w e  have a 72 hour  -- I d o n ' t  know why 
72 h o u r s  is a  good number. The d a t a  t h a t  w e  o b t a i n e d  b a s i c -  
a l l y  i n d i c a t e d  t h a t  w e  c o u l d  n o t  m e a s w e  t h e  ce l l  d i s c h a r g e  
r a t e  i n  72 h o u r s  fo r  t h a t  p a r t i c u l a r  c o n f i g u r a t i o n .  So I 
d o n ' t  have a  self d i s c h a r g e  r a t e ,  because  we were n o t  able 
t o  measure it i n  t h a t  - c a s e .  

I n  o t h e r  words ,  w e  had no change  i n  p r e s s u r e  

LANDER: I must s a y  I am s u r p r i s e d ,  because  we know 
hydrogen r e a c t s  t o  s i l v e r  o x i d e .  

HAAS: T h a t ' s  t r u e .  I n  t h i s  p a r t i c u l a r  exper iment ,  
t h e  cel l  p r e s s u r e  was r e l a t i v e l y  low, and so t h a t  c o u l d  be a  
p a r t  o f  t h e  r e a s o n .  

STANLEY: I was wondering,  i n  your t a l k  about  possibly 
making a  b a t t e r y ,  I was c u r i o u s  a s  f a r  a s  t h e  n icke l -hydrogen  
cells f o r  p a r t i c u l a r  ampere hour  size.  You would compare i a i I 
t h e  packing  on a  nickel-cadmium b a t t e r y .  What is t h e  d i f f e r -  
e n c e  i n  t h e  volume -- d o  you have any f e e l  f o r  t h a t ?  

C '  



l h l l O  HAAS: The  d i f f e r e n c e  i n  volume be tween  n i c k e l -  
hydrogen? 

STANLEY :Twenty amperes  compared t o  n i c k e l - h y d r o g e n .  
. . 

HAAS: Yes, o k a y .  We a r e  c u r r e n t l y  d e s i g n i n g  f o r  
am o p e r a t i n g  p r e s s u r e  o f  a b o u t  450 p s i  i n  t h a t  2 0  amp. h o u r  
ce l l .  I d o n ' t  see a n y  r e a s o n  why w e  c o u l d n ' t  g o  u p  t o  700 ,  
7 5 0 .  We e v a l u a t e d  ce l l s  w i t h  p r e s s u r e s  u p  t o  a b o u t  900 
would  s u g g e s t  t h a t  t h e  volume s h o u l d  be r e l a t i v e l y  close I 
h a v e  done  some a n a l y s i s  o n  t h e  volume, and  i t  is o b v j o u s l y  a 
f u n c t i o n  of t h e  p r e s s u r e  t h a t  you a r e  d e s i g n i n g  f o r .  But  a t  
a b o u t  700 t o  750 p s i ,  I t h i n k  it  would be e q u i v a l e n t  i n  volume 

DUNLOP: Yes, I a g r e e  L e t  m e  make a comment. T h e r e  
a r e  a c o u p l e  t r a d e - o f f s  h e r e .  E v e r y t h i n g  t u r n s  o u t  t o  be a 
t r a d e - o f f  when you d e s i g n  o n e  o f  t h e s e  p a r t i c u l a r  ce l l s ,  an4 
' one  o f  them h a p p e n s  t o  be volume o r  o p e r a t i n g  p r e s s u r e  it  
t u r n s  o u t  t h a t  i f  you p i c k  a volume, o r  you p i c k  a 400  t o  500 
p s i  r a n g e .  you a c t u a l l y  h a v e  a b o u t  30 p e r c e n t  more of v o l u n e  
f o r  n i c k e l - h y d r o g e n  t h a n  you h a v e  fo r  nickel -cadmicm.  

I t  t u r n s  o u t  t h e r e  is a n o t h e r  a p p r o a c h  t h a t  c a n  be 
t a k e n  here. I r e a l l y  d o n ' t  wan t  t o  t a l k  a b o u t  i t  t o o  much, b u t  
w e  h a v e  been  r u n n i n g  ce l l s ,  s t o r i n g  t h e  hydrogen i n  a h y d r i d e ,  
l a s t  o n e  a n i c k e l  h y d r i d e .  We have  been  r u n n i n g  t h e s e  cells 
f o r  a c o u p l e  y e a r s  now, and  i t  t u r n s  o u t  we d i d  r e p o r t  t h i s  
work a t  t h e  E l e c t r o c h e m i c a l  S o c i e t y .  

If you do i t  w i t h  a h y d r i d e ,  you a c t u a l l y  e n d  up 
w i t h  less volume t h a n  you do  w i t h  a nickel-cadmium ce l l .  
  he' o t h e r  a p p r o a c h  is t o  g o  t o  a h i g h  p r e s s u r e .  You c a n  g o  
t o  900  or 1,000 and you e n d  u p  w i t h  less volume. I t 's  a b o u t  
10 p e r c e n t  less t h a n  a nickel-cadmium c e l l  i f  you g o  t o  t h a t  
h i g h  a p r e s s u r e .  

I t  t u r n s  o u t  t h e  h y d r i d e  w o r k s  p r o b a b l y  f a i r l y  w e l l ,  
b u t  p r o b a b l y  t h e  r e a s o n  i t  d o e s  is t h a t  when you c h a r g e  t h e  
b a t t e r y  w i t h  t h e  h y d r i d e  -- and w e  a c t u a l l y  u s e  t h e s e  p r i s -  
m a t i c  cells t h a t  we got f rom Goddard,  so w e  r a n  i t  r i g h t  i n  a 
p r i s m a t i c  c o n f i g u r a t i o n .  no  d i f f e r e n c e  b a s i c a l l y  t h a n  you h a v e  
i n  a n i c k e l - c a d  c e l l ,  w i t h  v e r y  l i t t l e  f r e e  volume. 

I t  t u r n s  o u t  t h a t  t h e  f a c t  t h a t  you make hydrogen 
b e f o r e  you make oxygen means t h a t  you c o n v e r t  most o f  y o u r  l a n -  
thanum n i c k e l  t o  lanthamm n i c k e l  h y d r i d e ,  and  t h e n  by t h e  time 
you s t a r t  making a n y  oxygen i t 's  a v e r y  s m a l l  p e r c e n t  of y o u r  
t o t a l  gas anyway s t i l l .  I t  t u r n s  o u t  t h a t  when you a l r e a d y  
h a v e  y o u r  l i y d r i d e ,  y o u ' r e  p r a c t i c a l l y  c o m p l e t e l y  c o n v e r t e d  t o  
lan thanum n i c k e l  hydrogen h y d r i d e  s a t u r a t e d ,  you d o n ' t  seem 
t o  h a v e  much c o n t a m i n a t i o n  p r o b l e m s .  

So i t  seems t o w o r k  f i n e  We r a n  i t  o v e r  1200 c y c l e s  
or s o m e t h i n g  l i k e  t h a t .  We t o o k  i t  a p a r t  t o  l o o k  a t  i t ,  but 
it  still l o o k s  l i k e  it 's w o r k i n g  p r e t t y  well t h a t  r a y .  



l h l l l  GINER: A comment t o  t h e  weight  nnd a  q u e s t i o n ,  
The comment: I t  ' s ,  T t h i n k ,  the volume energy d e n s i t y  of  
t h e  nickel-hydro~:cn b a t t e r y  is  tile same ns t he nickcl-cadlnium. 
I f  you look  a t  your  c e l l ,  I  t h i n k  i t ' s  about  h a l f  t h e  volume 
t h a t  is empty.  I t  h a s  about  twice t h e  ene rgy  d e n s i t y  p e r  
ce l l .  

DUNLOP: I t  a c t u a l l y  t u r n s  o u t  t o  be i n  t h a t  c a s e  
j u s t  about  30 p e r c e n t  more volumc. 

GINER: I made a  c a l c u l a t i o n  I t ' s  about  600 psl  

DUNLOP: S i x  hundred might be a  t i e ,  These  a r e  
400 p s i  r a t i n g s .  

GINER: The q u e s t i o n  is t h e  fo l lowing :  The n i c k e l -  
hydrogen ce l l  h a s  a  b i g  advantage  and t h a t  is  t h e  r e v e r s a l .  
When you d i s c h a r g e  t h e  n i c k e l  e l e c t r o d e ,  you have a  v e r y  o p t i -  
mum s i t u a t i o n  of  v e r y  l i t t l e  h e a t  loss. What happens t o  s i l v e r -  
hydrogen under  s i m i l a r  c o n d i t i o n s ?  Can you d i s c h a r g e  com- 
p l e t e l y  t h e  s i l v e r  o x i d e  t o  metellic s i l v e r  a l l  t h e  way? 

HAAS: The answer is  no, of  c o u r s e ,  n o t  c o m p l e t e l y  
The e f f i c i e n c y .  based  on t h e o r e t i c a l .  and g e n e r a l l y  i n  t h e  
90 p e r c e n t ,  s o  no, t h e r e  would be e i t h e r  s i l v l a r  me ta l  or 
s i l v e r  o x i d e ,  bu t  t h e  e f f i c i e n c y  would n o t  be 100 p e r c e n t .  

GINER: My q u e s t i o n  is, i n  r e v e r s a l  w i l l  i t  t o l e r a t e  
s e v e r a l  h o u r s  o f  r e v e r s a l ?  

HAAS: A b s o l u t e l y  t h e r e  is no d i f f e r e n c e  i n  t h e  
f u n c t i o n i n g . o f  s i l ve r -hydrogen  compared t o  n icke l -hydrogen  
f o r  t h e  ove rcha rge  mode or  t h e  r e v e r s a l  mode. 

GANDEL: Your 30 p e r c e n t  f i g u r e  on t h e  di  f  f e r e n c e  o f  
volume, does  t h a t  t a k e  i n t o  account  any packaging  i n e f f i c i e n c y ?  

DuALOP: N o .  S t r a i g h t  volume. With t h e  k i n d  o f  
c o n f i g u r a t i o n  t h a t  you a r e  l o o k i n g  a t ,  t h a t ' s  any conf! gura-  
t i o n  you choose .  The c o n f i g u r a t i o n  t h e y  a r e  t a l k i n g  abou t  
is c y l i n d r i c a l .  B a s i c a l l y  t h e r e  is volume t h e r e .  I t ' s  
b a s i c a l l y  t h e  same number of  p l a t e s .  You have about  30 p e r c e n t  
more volume a t  a  D e l t a  P o f  400. 

If  you go t o  a  h i g h e r  D e l t a  P,  a c t u a l l y  you g e t  less. 

I f  t h e r e  a r e  no more q u e s t i o n s  w e  do have some 
c o f f e e  i n  t h e  b a c k .  B e f o r e  t h e  c o n f e r e n c e  b r e a k s  u p  though,  
I would l i k e  t o  know i f  Tom Hennigan wants  t o  make any g e n e r a l  ; 
comment h e r e .  

HENNIGAN: I would l i k e  t o  thank  a l l  t h e  s p e a k e r s  I 
t h e  l a s t  c o u p l e  d a y s  f o r  t h e i r  time and e f f o r t  t h e y  p u t  i n t o  
t h e  meet ing  h e r e .  And you a r e  f r e e  t o  u s e  t h i s  h a l l  or room 
h e r e  t h e  rest of t h e  a f t e rnoon  f o r  any d i s c u s s i o n s  you r a n t  ! 



t o  tnke up.  Are there any q u e s t i o n s ?  Wel l ,  l o t ' s  have some 
c o f f e e ,  and i f  ~ n y b o d y  wants  t o  b r i n g  u p  any q u e s t i o n s  we w i l l  
b r i n g  them u p  a f t e r  about  15 m i n u t e s  

Any s p e a k e r s  t h i s  morning or  t h i s  a f t e r n o o n ,  would 
t h e y  p l e a s e  b r i n g  up  t h e i r  photographs  o r  Xeroxes of  t h e i r  
s l i d e s  and viewgraphs,  y e s t e r d a y  t o o .  We w i l l  t a k e  t h e  view- 
graphs  i f  t h e y  d o n ' t  have any th ing  else. 

FORD: If I c o u l d  have your  a t t e n t i o n  j u s t  f o r  one 
minute ,  I would l i k e  t o  s a y  t h i s .  There's a lo t  o f  peop le  
t h a t  went i n  t o  make t h i s  workshop f o r  t h i s  two days  go o v e r ,  
b u t  of  a l l  t h e  peop le  h e r e  I d o n ' t  t h i n k  anybody h a s  pu t  a s  
much time and e f f o r t  t o  i t  a s  Tom Hennigan d i d ,  and le t ' s  
s a y  thank  you. 

(Applause ) 

1 
- 2  

i :  e n t p 2 ( 2 )  c l o s e d  . ) (Whereupon, a t  4:35 p.m. ,  t h e  p roceed ings  were 




